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INTRODUCTION ;
During penetration of an aircraft fuel cell, bullets and other high speed projectiles ’
generate intense pressure waves. Response of the fuel cell walls to these pressure waves can
o be catastrophic failure due to severe fracturing of entrance and exit cell walls. This .
phenomenon, termed hydraulic ram, is of particular importance to the survivability of U.S. T
military aircraft. >
A computer program was developed by NWC (Naval Weapons Center) which calculates o
pressure waves generated by projectiles in a fluid. The fluid mechanics of hydraulic ram D
o were developed as described in a previous report by NWC.! The purpose of this document is ] oy
to provide information for the Pressure Wave Generation Mode in the application of the !
computer code, Hydraulic Ram Program - Version One (HRP-V1).
o THEORETICAL CONSIDERATIONS x
: To calculate fluid pressures, it is necessary to know the velocity, rate of kinetic energy
loss, and time of projectile arrival as functions of distance along the trajectory. Estimates of K
these quantities can be obtained by using a simple model of the bullet behavior. ¥
o The bullet is assumed to travel in a straight line, and its deceleration is described by
Newton’s Second Law.
. — 1 A
m g D (M _ g
i [ J:
where
m = bullet mass f
V = bullet velocity E
i} @ t = time E
D = drag force k]
The drag force can be expressed as K
3 4 1 2
D= ?_;pVZAOCD @)
0 INaval Weapons Center, Fluid Dyvnamic Analysis of Hydraulic Ram by E. A, Lundstrom. China Lake, CA, NWC, A

July 1971, (NWC TP 5227, publication UNCLASSIFIED.)
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where

p = fluid deusity
V = bullet velocity
Cp = drag coefficient of the bullet
Ag = projected frontal area of an unyawed bullet

Noting that

_ dxp
Tt 3)

where xp = bullet position along the irajectory, equations ! and 2 can be combined, yielding

dv _
g Vb @

Where the velocity decay coefficient, 3, is defined as

3=2mPCDAo )

the rate of kinetic energy loss, dE/dxp, where E = 1 /2mV2 can be expressed as

dE _ o, 4V
dx]:,~ mV dxp (6)

Combining equations 4 and 6 yields

dE _ 2
dxg mg/ @)

For tumbling bullets, § is a function of xy,.

In this model the bullet is presumed to enter the test cell with 0 degree yaw and
contirue in this attitude with a constant drag coefficient until it reaches a distance, x1,
wher: it begins to tumble. The bullet becomes fully tumbled at a distance, x2,and continues
in this attitude with a constant drag coefficient. However, as evidenc :d from experimental
results,2 the bullet will impact the cell with O degree yaw and continue to tumbl: along its
trajectory for a number of cycles before assuming a stable attitude. The model has an option

2Naval Weapons Center. Fluid Dyramic Analysis of Hydraulic Ram III by E. A. Lundstrom and W.K. Fung.
China Lake, CA, NWC, October 1974, (JTCG/AS-74-T-01S, publication UNCLASSIFIED.)

2




JTCG/AS-74-T018

to include this continuous tumbling of the bullet. The coefficients, g} and g5, are associated
with the O-degree yaw and tumbled attitudes, and the value f3 is associated with the
stern-first attitude. For simplicity it was assumed that the tumbling proceeds at a constant
rate aiong the trajectory (Figure i): that is

X2-X] TX3-X)FX4-X3=...

3)

ZERO YAW TUMBLING TUMBLED
> 71 N
VvV u
VELGTITY DECAY
COEFFICIENT, § | . ~—<]
STERN—FIRST
B = 32
EQ 12a \

3"31

“

| %2

Figure 1. Bullet Orientation Versus Distance Along
the Bullet Trajectory.

While the bullet is tumbling, i.c., x|, <xp, <x2, § varies radically as a function of xp.
This variation can be expressed in general form as

B =8y + (Bz-By) 1Y)

where
_Xb - X}
IRETRES
while
f(0)=0
f(hHh=1

9

(10)
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An empirical function of the following form was used.
1) = [112- 172 cos ] an

The exponent, n = 3, is varied (see Footnote 2) vielding the following equations, for
x] <xp< X2

)3
Blxp) = B + (B2 - B1) {1/2- 1/2 cos ::21: } (12a)
for x3 < xp < x3
- - T 3
Blxp) = B2 + B3 - 62) {1/2- 1/2 cos | 2 } (12b)

When B is constant, equations 3 and 4 can be integrated directly. In the region 0 <xp
< xj, where § = 1, the initial conditions are V = V5 and t = 0. The integration then yields

-B1x

vy =V, €710 a13)

and
111 1 '
2 e | e o m— 14

* 81 [Vb Vo] s
and equation 7 yields

dE

axe mB) Vp 15)

In the region of tumbling, x| < xp < X7, algebraic expressions cannot be found;
therefore, a numerical integration method is used for the model.

For stripping of bullct jackets from the AP (armor piercing) core of the API (armor-
piercing incendiary) ammunition, a crude method for incorporating the jacket energy
deposition was developed. The projectile penetrates the fluid for a distance, xg, where the
jacket strips. The kinetic energy of the jacket and incendiary material are calculated at that
point. The energy deposition of the AP core is calculated in the normal manner except that
values of § appropriate to the core must be used. The erergy deposition of the jacket is
assumed to be exponential and is added to that of the core. The equation for total energy
deposition is

dE Ejs _Bi(xp - xg)

— = 24g2@") <
dxg - MVt O, (15)
Ejs = 1/2 mj Vs? an
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where

m; = mass of jacket
Vg = velocity of bullet at stripping location
m¢ = mass of core

a = a constant found to be 1/3 (Footnote 2)

Because of the mathiematical difficulties introduced by the wall boundary conditions, a
simple model (Figure 2) is used which neglects the wall effects.

{x, w)

CAVITY SURFACE

_—

IMPACT POINT

BULLET )

7;/ X

"(

b=}

Figure 2. Model of Drag Phase of Hydraulic Ram.

The bullet shown in Figure 2 is initially stationary in an infinite body of fluid until
t = 0. Then the bullet is impulsively accelerated to an initial velocity of V,. At times, t > 0,
the bullet inoves with a velocity, V, in a straight line along the axis. It is assumed that the
flow field can be described in terms of a potential function, ¢, which satisfies the wave
equation.

5

V2¢ = L’)‘
cﬁ

(18)

Qs
(3]

t
where ¢ = speed of sound in the fluid.
Then, the fluid velocity, 'u., is expressed as
u=ve (19)

and the Bernoulli equation yields

P=Py-p %?- l/Zpu2 (20)
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where

P = total fluid pressure

P, = ambient pressure
p = fluid density
-
u=|a|

The boundary conditions for equation 18 are that the fluid velocity is tangential to the
projectile surface and that P = P; on the cavity surface, where P denotes the pressure in the
cavity. It is assumed that P is constant throughout the cavity; hence, the problem is to
determine the pressure as a function of time at any arbitrary point (x,w) where, as shown in
Figure 2, w is the perpendicular distance of this point from the x axis.

The problem is further simplified by ignoring the boundary conditions and then
approximating the cffect of the bullet and cavity on the fluid by the action of a line of
sources distributed along the bullet trajectory. Then, the resulting flow field is symmetric
about the x axis, and the potential due to these sources can be expressed as

Xp(™M
$(x,0,t) = - .f(_frl) d¢ @1

where

& = distance along the trajectory
r = distance between points £ and (x,w)

§ = source strength at £

For the finite sound speed, the integral must be evaluated along the line 7 + r/c =
constant, where 7 is the retarded time given by 7 = t - r/c. The integration path is included in
the time space representation shown in Figure 3. Using equation 14, the time of bullet
arrival, tp, on the trajectory as a function of the bullet position, xp,. can be determined.
However, the results of the theory are not considered to be valid during the cavity collapse;
therefore, the lower limit in this integral can be taken as zero. The upper limit, X, denotes
the projectile position when r = ty,.

3

P

The source strength, §, is estimated by a method based on the conservation of energy. g

It is assumed that the flow is confined to a section, dx. as shown in Figure 4. 3
2 1

R
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BULLET TRAJECTORY

{x, w)
T Fwic
] \ \
T INTEGRATION
PATH

s

&
j

LA

WO AT T I R IR TR S ST

£=xb Xb {

Figure 3. Integration Path of Integral in Equation 21
on the Time-Space Plane.

dx

H dw

[

CAVITY SURFACE

4 Xp

3 Figure 4. Flow Model for Estimating Cavity Growth and Source
Strength Variation.
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The fluid velocity in this section is then

u=2G0 2)

At the cavity radius, w = a and u = da/dt so
t= 1/233.:. (23)

Following Birkoff’s thecry (Footnote 3), the kinetic energy, dK, of the fluid in this section
within a radius, £2, is

Q
dK = |=p suzwdw dx 24)
o

with equation 22 and integrating

dK = 4mpN¢2dx (25)
where

N = n(2/a)

Since the upper limit, §2, cannot be infinite due to the physical impossibility of allowing dK
to be infinite, §2 will be assumed to be finite. Because the value of N varies slowly as a
function of §2, it can be treated as a constant. This is justified for the special case in which a
bullet is traveling with a constant velocity, since the correct cavity shape is obtained for
constant values of the quantity £/a in the 15 to 30 range. Physically, this step can be
rationalized by considering the neglected influence of the noncylindrical divergence of the
flow.

The work, dW, done by the difference between the ambicnt and cavity pressure is

dW = (P, - Po)adx . (26)
The energy, de, deposited by the projectile in the fluid at dx is
- (4E
de (de )£ dx Qn

with equations 15 and 16 showing the expression for dE/dx}, as a function of the distance
along the trajectory.

3Birkoff. G., and E. H. Zarantoncllo. Jets, Wakes, and Cavities. New York, Academic Press, 1957,

8
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The conservation of energy can be cxpressed by the relation .
de = dK + dW (28)

and with equations 25, 26, and 27, it becomes

dE s
('(5;)E dx = 41rp§‘2Ndx +x(P, - Pc)azdx , (29)

(_..dF' /{-’
dx I
2 b)g

" 7(Pg - Po) / (30)

Defining

P,-P

pN

and simplifying, the energy balance yields the expression

/
4
¢=+1/2BVA2-a2 ! 32)

Eliminating { from equation 32, with equation 23

a%2- sp Va2, a2 (33)

dt

With boundary condition a = 0, at the time of projectile arrival, t, integration of equation
33 yields

t \/AZ-a2=A-B(t-tb) (34)

where, according to equation 32

£=1/2 [BA'- B2(t - tb)] (35)

The cavity behavior reaches a maximum radius when da/dt = 0. From equation 33, this
radius is A, and from equation 34, the maximum radius occurs at time, t;, at

tm=tp+ % (36)

The effects of the walls were neglected, so equations 30 and 31 give only the upper bounds
for A and B; kence the source strength, equation 35, will be increasingly inaccurate as the
cavity approaches its maximum inside an actual fuel cell.

9
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Now, the pr.cwure field resulting from the line of sources can be calculated. Substi-
tuting equation 35 for the source strength in equation 21 yields

Xp(M
#(x,w,t)=-1/2B I -:- {A(S) -B [t -é' tb(i)” dé €1))
()

Note that the retarded time 7 in equation 21 was replaced by t - r/c.

To compute the pressure, the terms in Bernoulli’s equation (equation 20) must be
evaluated. The term, d4/0t, in Bernoulli’s equation can be expressed in a simple form by
using Leibnitz’s rule fcr the differentiation of integrals. Equation 37 becomes (see
Appendix A)

Xp ()
3¢ _ ., |BAp 3Xp(™) 2 dg 38
at"llz[kb at | Y128 -!, 7 8

where Ry, is the distance between the bullet and the point (x,w) and Ay, denotes the value
of A, evaluated at Xp. The chain rule for differentiation gives

axb(f) _ axb(r) ar

at or ot (39)
where
Xy,
i 40)
where V is the bullet velocity evaluated at Xy, and since
ORy (7 Xx-Xp 0Xy(T
ar_ 180 1X-Xp 2% @1)
ot c ot ¢ Ry ot
equation 39 becomes
9Xp(N) 1 X-Xp 0Xp(7)
at Y [‘ YeRy ot (42)

10
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Solving for axb(r)/at gives

Xy ___ v

at v X~ Xp
x'c Ry

With equation 43 and solving the integral, equation 38 becomes

30 _ BA v 2 x+F'P_
512w, l_lx'bu/zB R
C Rb

where R, is the distance between the impact point and the point (x,w). In the same manner
the fluid velocity components, uy in the x direction anu ug, in the w direction, can be

Jderived as

y X-Xp
BA, ¢ R
u, =22 1/2 b b
X ox Rb 1 \Y/ X-xb
) [+ Rb
Xp(M
+1/2B 5 {A(E%B{t-tb(e)]-"—’?}de
o r ‘
Vo
BA ¢ R
u,, = = 1/2 b b
w aw Rb 1 v X~xb
"¢ "Ry

Xp
+1/2Bw { {A(E)-Blt-tb(i)]g;%dﬁ

11
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It should be noted that fuactions A(¥) and ¢(§) depend on the tumbling behavior of the
bullet. Hence, the integrals in equations 45 and 46 cannot be evaluated explicitly. Noting
the reaction that

ul=u,2+u,2 47

the pressure field can be obtained by substituting equations 44, 45, 46, and 47 into
Bernoulli’s equation 20.

Waves reflected from rigid plane walls can be calculated exactly by means of the
method of images. The boundary condition for a rigid wall is that the normal component of
the fluid velocity, u,, vanishes at the wall. Pressure generated by the bullet has been
approximated by a line of sources (or sinks). The boundary condition at the wall can be
satisfied by adding the pressure due to a mirror image line of sources (or sinks) as illustrated
in Figure 5.

RIGID SURFACE
(v, = 0

MIRROR IMAGE LINE OF SOURCES

Figure 5. Geometry of Method of Images for a Single
Rigid Surface.

The boundary condition for a free surface is P = 0 at the surface. A negative mirror
image satisfies this condition to the extent that

39

ot “48)

>>

+1/2u 2 1/2u?

where uy and up are the tangential and normal fluid velocity components at the surface.
Equaiion 48 is satisfied for most conditions during the initial phase of hydraulic ram.

The method of images is easily extended to calculate reflections from the walls of
rectangular volumes. The result is a three<dimensional rectangular array of images. The
number of images in the array is determined by the number of wave reflections to be
included in the calculation. A method for automatic generation of the image array co-
ordinates was developed, and its use is discussed in Appendix B.

12
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The walls of aircraft fuel cells are neithcr free nor rigid. However, due to their typically
light construction, waves reflected from these walls can be approximated by means of the
method of images for free surfaces. The effect of the inertial properties of the fuel cell walls
on wave reflections is discussed in Footnote 1.

SUMMARY

The pressure is calculated according to Bernoulli’s equation
P-P,= -p% - 1/2pu2

The first term is dominant far from the bullet, while the second term is important closer to
the bullet. The boundary condition P = 0 at the surface is satisfied by the method of images
for the p d¢/at term only. It is suggested that the full equation be used to calculate incident
pressure waves on the wall.

Although the action of the cavity behind the bullet is accounted for in the fluid model,
the absence of fluid within the cavity is ignored. Therefore, in the absence of external
surfaces, the calculated oressure will be positive outside the cavity, zero on the cavity
surface, and negative within: the cavity. Indeed, the pressure will go to minus infinity as the
cavity axis is approached. In addition, the cavity presents an additional surface for reflecting
pressure waves. Thus, waves arising from the bullet, reflecting from the fiuid volume surface,
and then reflecting from the cavity surface are not accounted for.

The presence of the bounding free surfaces of the fluid volume often produces large
negative pressures within the fluid, thus producing bulk cavitation. These phenomena are
not included in the fluid model.

It is suggested that the pressure calculated by the program be truncated at negative
pressures; that is, if

PLO
then
P=0

This process assumed that bulk cavitation always occurred and also automatically accounted
for the absence of fluid in the cavity.

Since the bullet is modeled by a line of sources, the pressure goes to infinity at the
bullet. It is suggested that the pressure calculated by the program be truncated at the
stagnation pressure of the bullet.
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PROGRAM DESCRIPTION

PROGRAM USAGE

The program consists of one short main program and six subroutines (TRAJ,
MIRROR, IMAGE, TV, INTERP, and IPLOT). The basic function of this computer code is
to generate hydraulic ram induced pressure-time curves at user specified points within a
body of fluid. The code allows the use of the method of images to account for wave
reflections in a rectangular volume bounded by free surfaces.

DESCRIPTION OF SUBROUTINES
IRAJ

The primary task of this subroutine is to compute the fellowing quantities as
function of bullet distances along the trajectory.

‘Time of bullet arrival
Bullet velocity
Maximum cavity radius
Time of cavity collapse

A I B

Drag parameter as a function of time

MIRROR

This subroutine is responsible for computing the following:

1. Total pressure at a point (specified by the user) as a function of time
2. Pressure due to the time derivative of the velocity potential

3. Total fluid velocity as a function of time

4. X, Y, and Z components of fluid velocity

IMAGE

This subroutine computes the coordinates of the projectile entrance/exit points in the
three-dimensional image volumes with respect to the actual volume.

v

This subroutine computes the value of the velocity decay parameter, then integrates
the equations of motion to obtain bullet velocity as a function of time.

14
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o E
This subroutine interpolates the following quantities between discrete points along the ;
bullet trajectory. {*
o 1. The distance of the bullet along its trajectory as a function of retarded time 53
2. The velocity of the bullet as a function of retarded time 1%
3
3. The radius of the attached cavity as a function of retarded time b
e The function of this subroutine is to generate graphic presentation of the total pressure 3
versus time at each point in the fluid body specified by the user. The plotting routines are :
available only on the NWC UNIVAC 1110. 4
DESCRIPTION OF PARAMETERS ,j
o NJOB — a variable which indicates the number of different complete data sets to be 1
operated on by the code during one full run. By
NP — a variable which specifies the total number of points at which pressure (as a ¢
function of time) is to be computed. i
0 TMAX — the maximum time, in milliseconds, for which pressure is to be calculated at :
each point. ;
; DT — time increment, in milliseconds, which specifies the timewise spacing of com- %
! puted pressures. *§
| o IPLOT - a plot request variable which equals 1/0 fur plot/no plot. Note that this Lw
variable controls plotting through routines available only on the NWC UNIVAC ;
1108. %
AW(L,J) — this array contains the coordinates of the points at which pressure is to be ’
: computed. XW(I,1) = X, XW(1,2)= Y, XW(I,3) = 2 (see Appendix C). ;
: ki
{ L LM(1), LM(2), LM(3) — image array limiters in the negative direction cf the X. Y, and i
: Z axes (see Appendix B). 1
, LP(1), LP(2), LP(3) — image array limiters in the positive direction of the X, Y, and Z ;
axes (see Appendix B).
o XC(1), XC(2), XC(3) — the coordinates of that point which specifies the X, Y, and Z
dimensions of the rectangular volume into which the projectile is fired.
X(1), X(2), X(3) — the X, Y, and Z coordinates of the entrance point of the projectile
on the surface of the rectangular volume.
‘, o X(4), X(5), X(6) — the X, Y, and Z coordinates of the exit point of the projectile from
: the surface of the rectar:zular volume.
15
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XMASS(1) — bullet mass, pound (Appendix D)
XMASS(2) — penetrator mass, pound

XMASS(3) — jacket mass, pound

AREA(1) — bullet prescnted area, normal attitude, in2

AREA(2) — bullet presented area, tumbled attitude, in2
AREA(3) — penetrator presented area, normal attitude, in2
AREA(4) ~ penetrator presented area, tumbled attitude, in2
AREA(S) — jacket presented area, tumbled attitude, in2
AREA(6) — bullet stern-first presented area, in2

DRAG(1) — coefficient of drag for bullet, normal attitude
DRAG(2) — coefficient of drag for bullet, tumbled attitude
DRAG(3) — coefficient of drag for penetrator, normal attitude
DRAG(4) - coefficient of drag for penetrator, tumbled attitude
DRAG(5) — coefficient of drag for jacket, tumbled attitude
DRAG(6) — coefficient of drag for bullet stern-first, normal attitude
DENS - fluid density, Ib/in3

PO — ambient pressure, psi

PC — cavity pressure, psi, normally taken to be zero

C — sound speed in fluid, ft/sec

BC — constant, normally taken to be 0.434

VEL - initial builet velocity, ft/sec

DX -- distance increment along trajectory, inch

NT - a variable such that NT = 0/1 means that the bullet does not tumble/does tumble

XSTRIP - distance along the trajectory that the bullet begins to strip

16
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JTCG/AS-74-T018

XTUM - distance along the trajectory that the bullet begins to tumble, inch
(Appendix E)

DXTUM - distance required for the bullet to become fully tumbled, inch. If NT = 0,
XTUM and DXTUM can be arbitrary

NE — is a variable such that NE = 0/1 means bullet does not exit tank/does exit tank

XE - distance along the trajectory where the bullet exits the volume, inch. If NE = 0,

XE can be arbitrary
® XMAX — maximum length of trajectory through volume, inch. Dimension statements
limit XMAS to 300*DX
R EN — exponent which specifies power law followed by the drag function (EN = 3.0 in
E N general)

EFRACT - a factor related to bullet stripping (EFRACT = 3.0 in general)

NCTUM A VARIABLE SUCH THAT NCTUM = 0,1,2 — means bullet does not con-
tinuously tumble/bullet continuously tumbles/bullet continuously tumbles for
one cy.le

BS, OMEGA - parameter not in use for this version set equal to 1

NSTRIP ~ a variale such that NSTRIP = 0/1 means that bullet does nct strip/bullet
does strip

INPUT FORMATS

Card
type Format Contents
1 11 NJOB
13 NP (limit to 1,000)
2F10.5,11 TMAX, DT, IPLOT
4A
3F10.5 XW(L,J) (limit to 300)
47
5 612,3F10.5 LM(1), LM(2), LM(3), LP(1), LP(2),

LP(3), XC(1), XC(2), XC(3)

17
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Card
_typ_q Format
6 3F10.5
7 3F10.5
8 375.5, 6F6.4
9 6F6.4
10 5F9.4
11 2F9.4
12 I11,79.1,4F10.0
13 11,F9.1
14 F10.U
15 3F6.3.216
16A
2A6
16Z
TEST PROBLEM

The following test problem was taken from Footnote 2. The calculations were per-
formed on a UNIVAC 1110 computer.

JTCG/AS-74-T-018

Contents

X(1), X(2), X(3)
X(4), X(5), X(6)

XMAS(1), XMAS(2), XMAS(3),
AREA(1), AREA(2), AREA(3), AREA(4),
AREAC(S), AREA(6)

DRAG(1), DRAG(2), DRAG(3). DRAG{4),
DRAG(5), DRAG(6) '

DENS, PO, PC, C, BC

VEL, DX

NT, OMEGA, XSTRIP, XTUM, DXTUM
NE, XE

XMAX

EN, BS, EFRACT, NCTUM, NSTRIP

AA(1), AA(2)

1. Number of poiuts, pressure-time history to be calculted: 5

2. Location of the points at which pressure is to be calculated:

o aAac on

. (36, 30, 6)

. (36, 30,12)
. (36, 30, 18)
. (36, 30, 24)
. (36, 30, 30)

3. Size of tank: 60- x 60- x 60-inch projectile

4. Entrance point: (30.50, 31.50, 0.0)

st wal s it o
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. Projectile exit point: (30.50, 31.50, 36.00)

Type of projectile: 12.7 mm APl

Projectile velocity: 2,797.50 ft/sec

Fluid in tank: water

Maximum time for calculation: 1 msec
Minimum distance for calculation: 35 inches
Image array used:

a. LM(1, 2, 3)=(0,0, 1)
b. L¥(1, 2,3)=(0,0,0)

. Tumbling behavior:

a. XTUM = 5.13 inches

b. DXTUM = 15.66 inches

c. Projectile tumbles continuously
Time increment: DT =0.0125 msec

Distance increment: DX = 0.2 inch

PROGRAM LISTING AND TEST PROBLEM OUTPUT (pages 20 through 58)

BN At At D8O e T A A e, e N bl Ve ) GRS S LT
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JTCG/AS-74-T018

[ *2838oHYORAULIC RAM PRCOGRAM = VERSION ONEeseses
DIMENSION AC3,300)
COMMONIPLOT,ASIGNEICO) (XOtICO),YIC300) 2013002 ,X3 30U, Y20300),25¢

1300) NS o OV o THAX GNP, Xt 35C o 1)
COMMON/ ICINFQ/ZIDtS)
OATA ID/36K &N23 M. FUNG 3681 HRP OUTPUT

P READ(S,1000) NuCB

y 00 1 KKS1,NJIR

g READ(S,2001)0F

READ(S,3CO1)THMAX,DT,IPLOY

3001 FCRMAYI2F10.5,11)

00211 4NP
READIS 1000 (Xulled)ed=1,y3)

2 CONT INUE

1CU3 FORMATI3IF10.5"

2001 FORMATIIS}

1000 FORMAT(IL)

CALL IMAGE(NS)
CALL TRAJ(A 4B DX XEoNE sCoDENSoJXE yJNAX)

- CALL MIRROR(AByDXeXE ¢ NE9yCoDLNSyJXE uMAX)

A 1 CONTINUE

5 CALL EX1T

END

. SUBROUTINE TRAJ (A.B,0X,XE,NE,C,DENS,JXE,JHAX)
: DIMENSION XMASS(3) ,BETALT) AREA(6) ,DRAGIB) ,AL3,400)
COHMMON/XSTRIP/XSTRIP ,NCTUM
READU19,H5000) (XHASS 1), 1=1,33,(AREAL]) I=]1,6)
6000 FORMAT(3FS5.5, 6F6.4%)
READ(5,6001) (OCRAG(I},1=1,6)
6001 FORMATI(6FB.4)
READ(5,1000) DENS,PO,PC,C,BC
READ(5,1000) VEL,DX
1000 FORMATISFI.4)
READ(S,1001 INT ,OMEGA,ASTRIP,XTUM, ,DXTUM
READ(5,1001) NE,XE
1001 FORMATUIL FI.1,4F10. 1)
READ(S,1002) XMAX
1002 FORMATIF10.0)
RCADtS,1n93) EN,BS,EFRACT ,NHCTUM ,NSTRIP

[ HUSTRIP=1,0 BULLET STRIP TRUE/FALSE
C NLCTumM=0,1.2 NO CONTINUQUS TUNBLING COHTINUOUS TUMBLING, TUMBLE FOR 1 CYCLE
1003 FORNATL3F6.3,216)

Nl=1

0DNS1=1,5

IF'' €0.3IN]=2

1FU].5Q.5IN1=3

BETACIY= 5/ XHASSINII*DENS*AREALL)*DRAG(])

S CONT INUE

AFETACT7) 2.5/ XMASSI2) *DENS*AEALG) *DRAGIB)

BFTALGE) =. 5/ K1A551 1) *DENS*ARLALG) *ORAG(B)

KRITE(SB, 17001 EN,BS LFRACT ,NCTUM NSTRIP ,NT  XTUM ,DXTUM , XSTRIP, ( XMASS
SV, 121, 3) (LAREALL) (121 ,6) ,(DRAG(]) ,121,6) ,{BETALL), 1=1,7),VEL,DED
$5.1'0,PC.C,BC

1700 FCRIATCIHL (/7777 ,549%, "LHYURAUL i C RAM PRIURAM VERSICHN OME MDD ONE*,/

A
$//7.,2%, “EN ' F10.5,7.2%, 'BS 2* F10.5,/,2X, ‘EFRACT -~ 4
$°,F10.5,7,2X, "NCTUM 2, 110,7,2%, 'NSTRIP  2°,110.7.2X,*NT %
€ +°110,.,2%, ‘XTUM ' F10.5,/.2X, 'OXTUM +* F10.5,/,2X, *¥SIR] 5
$P 2 F'0.5,7/,2X, 'XMASS(3) =* 3F10.5,/,2X, 'AREA(G) =°,6F10.5,/,2 i
1%, 'ORAC ) = ,6F10.5,/,28X,"BETALT)  =* 7F10.%,/,2X, ' VEL ' F 4
$i0.5./.2X%, "0OENS 4 F10.5,/,2X, 'PO «*,F10.5,7,2X,'PC !
$ 2" ,F10.5,7.2X,°'C =*,F10.%,/7,2X,'8BC = F10.9,/71) i

HRITE(H,303)
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FORMATUTIHI)
KRITE(G,304)

FORMAT(//2X,"DISTAMCECINY ", 10X, *TIME(HMSEC) ' ,BX, "VELOCITY(FT/SEC)
I LBX,"CAVITY RADIUSEIND ' ,uX, 'CAVITY COLLAPSE(MSEC)® ,4X, "BETA*/)

JS=-10

c=C+.012

VEL=VEL®*. 012

NENT :DENS/ . 0003864

B=tir0-PCI/DENS*BC

B-SQRTI(B)

JUMAX =XMAX/DX+ . 00!

JAFE=XE/DX+.001

IGNAT=0

BETAX-BETAL(])
D=XMAGSI11/(3. 14159265 (P0-PC)*.00033641)
0-SGRT (D)

UDAT=XTUM+DXTUM+DX
TIAL VALUES

HPAGE=0

OV2EXP(-BETAX*DX)

V=VEL/DV

T=-(1.-DV)/BETAX/VEL

JFINSTRIP.EN.O) HOTO 403

JS=XSTRIP/DX+0.5

AK=JS

XSTRIP=AK*DX

JJd=-1]

NBENNED]

TCHMX=JY

TEMX=TEMX*0X

IF(JJL.NE.JUSIGO TO 402

IF(NSTRIP.EQ.D) GOTO 402

BETAU])}=BETAL3)

PETA(2)=BETA(M)

CLTALGI=RETA(T)
D=XMASSI21/13.14159265+(P0-PC)*.000386411
D=50R1<D)

DS =.5¢XMASSI3IPVPVBETA(S) /3, 14153265/ (P0-FC)/.000386Y4
NS -0%/7EFRACT
IFLTEMX. LT . XTUIDBETAX=BETAC])
IF(TEMX,GE . XTUM+DXTUMIBETAX=BETA(2)
DV-EXP(-BETAX*DX)

IONAT =}

IFINE.EQ.D)CO TO 9

IFtJJ.GT.JXE) RETURN

IFCTEMX.OT.XMAX) KRETURN

I[IF(NT.EQ.0) GO 10O 10
IFCTEMX.LT.OXT.AND.TEMX,.GT . XTUMIGO TO 1
IFINCTUM.EQ. ) .AND. . TEMX . GT . XiUM) GOTO 11
VzvV+vDV

T=T+(].-DVI/BETAX/V

IFINT,EQ.0) GO TO 13

G0 T0 12

CALL TVIT,V,BETAX ,BETA DX, TEMX,XTUM ,DXTUM EN,NCTUM )
ART = XTUM+OXTUM

IFUTEMX.GE .ART.AND.TEMX . LE.DXT)IDV=EXP(-BETA(2)*DX)
AX=TEMX

AM=D*V*SURT(BETAX)

IFUIGHAT.ENQ. 1160 TO 1103

GO TO 9494

CONTINUE
AM-SORTUAMPAMIDS*EXPUIASTRIP-XX)*BETA(S)))

21
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94S4 CONTINUE

AM=AM*BS

TH=2.°AM/B

THM=TM+T

ALl ,JJel )=V

AtL2,JJd*1sT

AL3,JJ*]1)sAN

VFT=v/.012

IFINIRDO.NE.O) GOTO 8

KRITE(6,305) XX.T,VFT,AM,TMM, BETAX
305 FORMAT(EX ,FI10.4,11X,

1 F10.4,13X,F9.4,14X,F9.4,12X,F9.4,9%X.F9.5)

NPAGE =NPAGE + |

IF(NPAGE.LT.48) GO 10 8

HRITE(6,303)

WRITE(6, 304)

MFPAGE =0

GO 10 8

END

SUBROUTIMNE MIRROR(A,B,DX,XE ,NE,C,DENS, UXE,JMAX)
DIMENSIONX{300) ,W{370) ,RCL300),RI(300),X8(300),Y1(3G0),21¢300)
DIMENSIONEWCIO00) ,EX¢1000),DEX2(1000) ,DEWRt1000),A13,300 ,LC1000)
DIMENSINNTIG(500) ,PIG(500)
CONMONIPLOT ,ASIGN1Z00),X0(300),Y0(300),20t200),X11300),Y1(300),211¢
1300) ,NS,DT, TMAX NP, XW(300,3)
DO & JUK=1 NP
XPaXW(JK,1)
YPsXHIJK,2)
ZPsXW(JK,3)
DO | K=l NS
C COORDINATE TRANSFORMATION
RO(K) = tXP~XOU(K))*o2+(YP-Y0(K))**2+(ZP~20(K))**2
RO(K)+SQARTI(FOIK))
RICKIS(XI(K)=XOUK)I)I® 92+ (YI(KI-YOUK))I®*2+(ZI(K)-20{K) )02
RI(K)*SQRT(RII(K})
X(KI= (XK} =-XOIK)ISUXP-XO(K))I+IYIIK)=-YO(K))®(YP-YO(K))
1 ¢(2)1UK)I-20tK))I* 1 ZP-Z0(K)))/RLIK)
HIK)sROIK)}?22-X(K)*e2
WIK)2SORT(W(K))
XTOKIsXIK)/RI(K)I® (XTI (K)-XO(K))+XO0(K)
YIUK)sXIK)/RIEKI® (Y (KI-YO(K))+V O (K)
ZIGK)=XIK)/RIC(K)®(21(KI-Z0(K))+Z0.K)
C INITIAL VALUES
NPAGE=0
EX(K)=0,
EHIK)=0,
DEX2(K)=0.
DEREIK)=Q.
L(K)=Q
1 CONTINUE
C PRINT [INPUT
WRITE(&,100%)
100% FORMATU(IHI,//750X, " PRESSURE CALCULATED AT POINT")
HWRITE(6,100%) XxP,YP,ZP
1005 FORMAT (/739X ,'X=2" ,F7.2, ' LIN)* . 5X,°Y=" ,F7.2, (IN)"' ,5X,'2=",F7.2,
1 *UINDY)
WRITE(6,1006) (K, X{K) , W(K) XO(K), YOUK),Z0(K) X1(K), YLIK), Z1IK),
1 ASIGNIK) K=] ,NS)
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10C6 FORWATL//755SX,*SOURCE CLORDINATES /7430 Xs* X o lOX oW * 9%,y *XD°,9X,
1 VU Xt 20 e Xy LY O YL N 2L /18X 2,8F11,.3,F08.0))
C PRINT HEADING
WRITE 16,1007
1CC7 FORMAT(LING /7 g 11X o TUIMSEC)® J ik "PIPST I oSXy "PPHI® 66X, ULIFT/SEC)®
3 oSN TUX T WX, UV ,0X,%L2%/7)
C FING INTIAL T]Img
PMINZRG(])
DO 2 M3 ,NS
IFIACIK) oLToR™IN) R¥INZRLI(IK)
& CONTINUE
JYSRMINZC/0T
TJY
TSTeCT=0/02,
Imu=G
T=V+(CY
IF(TGE.T»AX)GO TO 666
SUMUX=C.
SUMUY=C,
SUMUZ=0.
SPPHIZD,.
C COMPUTE PRESSURE AND VELOCITY aT VTIME T
DO 5 K=21,NS
C FIPSY FIND PROJECTILE PARAMCTERS FOR SOURCE K
CALL INTERPUXXgVeAMoLgK oA gXpns ToCoDX gJMAXGNE o JXE)
IF(LIK)ECeD) GO YO &
C CHECK FOR EXIT AND XMAX
IF(LUIK) JOToJMAX) GC TO &
IFINESEQeN) GG TG &
IF(L(K)JLESJXE) GO TO &
V0.
XX=XE
AMzZD,
4 CONTINUE
C COUMPUTE VELOGCITY JUE TO SOURCE &
RI(XIK)=XXDI08Deu (K)o22
RZSORT(R)
DTDXZ1e/tle=V/Co(XIN)=XX)/R)
CGEX1ZtAM=E*R/CI*VSDTOX /Re2 ]
DEW1z9EX]
DEXIZDEXL1#{X(K) /X)=Bp(1s/R=1./RDIK))
DEWIZDEMI®R(K)CRAWIK)IS { (X IKI=XX)/R=X(KDI/ROIN))
EX(MIZEX(K) S+ (DEXLoDEN2(XKD))OCT
EWCHDIZEWEIK)® S8 (DEW]1+0LW2¢RD}I®DTY
DEX2(K)=CEx]
CFe2 (K)TLEWL
UUZEeBMsV/CeDTLX /0002
UXXSUUS {XER)=XXDI*RBEX (K]
UNZUUSR (K) 4P eER(K)
UXZHUR/WIN)IS(XP =XTIK)IOUXI/RPIIRISIXIIK)I=XDNIN]I))0,5
UYS(UN/WEK)B(YP =YTU(K)IOUXX/RIIK)IB(IYLI(K)=YDIK)))®L,5
UZZIUN/M(R)I®(ZP «ZTIKIIPUXX/RLIIKISILLIIK)I=2TIK)))®0eS5
C COPPUTE PRESSURE (PPHI ) DuL TO _OURCE «
PPHIZPsAM/ReVSDTOX=BSRSALOGIIX(KI*RO(NDII/ZIX(KI=XX*R))
PPHI=PPH]® 5
C SuM VELOCITIES
SUMUXZSUMUX+UXSASIGNIK)
SUMUYZSUPUYSUYSASIGN(K)
SUMUZISURU2SUT#ASTGNLIR)
C SUuM PRESSUPES
SPPHIZSPPH i +PPHISASIGNIK)
& CONTINUE
UXzSuMyx/s.a12
UYISUMUY/eil2
UZ2sSUMUT/Zel2
PPHIZSPPHISDENS
U2ZUASUX sUYBUYU2sUT

w
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P:-PPHI-.5°DENS*U2*.00014%
IMU= MU+

TIGLIMU) =Y

PIGLIMY) =P

U2SQRTU2)

C PRINT OUTPUT

1008

666

a0

1009

68
69

3

WRITE(6,1008) T,P.PPHI,U.UX,UY, UZ
FORMAT(6X,9F11.3)
NPAGE *NPAGE+ 1

IF(NPAGE.LT.49) GO 10 3
WRITE(6,1007)

NPAGE=0
60 10 3

CONT INUE

55GUH=0.0

DO 20 1K=2,1MU
SSSUM=SSSUM+PIGLIK)
SSSUM-(PIGI1)*0.5+SSSUM-PIGLIMUI*0.5)¢0.0125
HRITE(H,10091555UM

FORMAT(// ,1H ,*TOTAL IMPULSE (PSI-MSEC) =*' F15.7)
{FCIPLOT.EQ.11)60 TO 68

G0 10 69

CALL 1GPLOT(TIG,PIG,IMU,XP,YP,ZP)
CONT INUE

CONT INUE

RETURN

END

SUBROUTINE INTERPIXX,V,AM,L K, A X W, T,C,0X,JMAX NE,L JXE)
DINENSION At13,300),L01000),.X¢1000),W1000)
M=l (K)+]

IF LK) .GE . JMAX) RETURN

IFINE.ED.O0) GO TO 2

IF(L(K} .GT.JUXE) RETURN

XJ=L (K)

XX=XJ*DX

R=tXIK)-XX)*?2+{(K) 2

R=SQRT(R)

TAU=AL2,M)+R/C

IF(T.LT.TAW) GO 1O 3

LIK)aL(K)+])

GO T0 1

IFIL(K) .EQ.0) RETURN

C INTERPOLATE

RR2IXIK)=XX40DX)**2+R(K)**2
RR=SQART (RR)

TTAU=AI2 M-11+RR/C
DL=(T-TTAU) /L TAU-TTAUY)
XX=XX-DX+DL*DX

V=AU, M- 1) ¢DLPY (AL ,MI-ALL ,M-1))
AMzA(3 M-1)«DL*(AI3 MI-AL3 M-1)"
RE TURN

END
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SUBROUTINETV(T,V,BETAX,BETA,OX, TEMX . XTUM,DXTUN,EN,NCTUN) i
OIMENSION BETA(T) 3
Visy ‘ 3
TT=y - &
88-BETAX
DUM=XTUM+DXTUM®2, : . g
IF CTENX.GE.DUM.AND.NCTUM.EQ.2) GUTO 3
1F CTEMX.GE . XTUM+DXTUM.AND .NCTUN.E£Q.0) GOTO %
YY= (TEMX-XTUN) 7/DXTUN
NY=YY/2.
AYeNY 7,
YY=YY-AYS2, : 2
YPlayYe3, 1416
YPI=ABS(VP])
ABCD=DUM+2. *sDXTUM e
IF (TEMX.GE.ABS{ABCD)) GOTO 5 i
ABCD=0UN+DXTUM
IF CTEMX.GE . ABS(ABCD)) GOTO &
IF (TEMX.GE . XTUM+LXTUM) GOTO S

. 6 BETAX=BETAL1)+(BETA(2)-BETA(1))*(.5%(].-COS(YPI)))eeCN
6070 3

Y BETAX=BETA(2)
5070 3
S BETAX*BETA(G) +(BETAI2)-BETA(6))%¢.521].-COS(YPI)))eeEN
3 CONTINUE

VsVI*EXP(~-(BETAX+BB)*DX/2.)
TaTTel1./Ve] . /VTIeDX/2.
RETURN
END

SUBROUT INE TMAGE (1)
DIMENSIONLM(3} ,LP(3) ,X(3) ,XC(3) ,XP(350,3) ,A(3),8(3),C(3),SN(3), !
1SNJ(3) .
COMMONIPLOT ,ASIGN(300) ,X0(300),Y0(300),20(300),.X1(300).Y14300) .23¢(
1300) .NS,DT . THAX NP, X 4300, 3)
READ(5,99)LML1).LHI2) ,LHE3) LP(]) . LP(2) ,LPI3) . XC(1) XC(2) XCE3)
N=1
o 99 FORMAT(612,3F10.%)
WRITE (6,999)
NRITE(6,1000)
HRITE(6.1001)XCE1) ,XC12)  XC(3)
HRITE 16,4999}
s READ(S5.,98) (X(K) K=1,3)
98 FORMAT(3F10.5)
/ C DETERMINE IF LM(K) ARE EVEN OR ODD
' o C SN(K)=-] ODD8 SN(K)=e] CVEN
999 FORMAT(1H1 60X, *IMAGE DATA') :
1000 FORMAT(///,56X, *CORNER COORDINATES®,// 48X, *XCU1)*, 10X, *XC(2)°,10X
1.°%XCt3)*)
1281 FORMATS(/ ,47X.F7.2,8X.F7.2.8X.F7.2)
%999 FORMAT(//77 ,1X, POINT NO."*,6X,At))"* ,6X, At2)° ,6X, A(3)°, 5%, *IMAGE
! TYPE*,10X.'X0"*,10X, Y0", 10X, *20°,10X, *X1°, 10X, Y1*,10X, 21"}
0o IK=j,3
ALMSLM(K)
o ALIISABS (ALMI /2.
LLM=ALM
BLM=LLN
OLM=ALM-BLM
SNi(K)=-1},
IF(OLM.LT.G.1)SNIK}=].
1 CONT INUE
C COMPUTE POINT COORDINATES XP(].K)
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1=0

JXH=LP (1) eLNL1) ¢}
JYNaLPL2) +LHLI2) ¢}
JIMSLPL3) +LNI3) +)

C INITIALIZEAND START THE X DIRECTION DO LOOP

ACL)==LNC1)-])
SNJ(1)=-SN(])
D05JX=] ,UXM
SNJ(i)=~-SNJ(1)
All)=A(l)+]),

€ INITIALIZE AND START THE Y DIRECTION DO LOOP

A(2)=s-LH(2)~1]
SNJ(2)=-SN(2)
DO “J¥=] ,J¥M
At2)=A(2)+1,
SNJ(2)=-SNJ(2)
INITIALIZE AND SYART THE Z OIRECTION DO LOOP
AlLZ)=-LML3) -1
SNJ(3)=-SNL3)
003JZ~1,.JZN
AtL3)=A(3)¢],
SNJ(3)=-5NJ(3)

CADVANCE THE POINT COUNTER | AND COMPUTE THE XYZ COORDINATES (K=123) OF
C POINT 1

100 FORMAT(/ ,3X, IS, 7X FS5.1, %X ,FS5.1 %X ,F5.1,6X.F5.1,9%X,F10.5,51(2X,F10.%

3
“
5

6

le]e}

D02K=1.3

BiK)I=(].+4SNJIK)) /2,

CIK)I=t}.-SNJLK))I /2.

XPLT KI=AIK)I*XCIK)+B(K) *X(K)+CI(KI*(XCIK)I-X(K))

CONTINUE

ASIGNU])=SNJLI)*SNJL2)*SNJ(D)
IF(N.EQ.2)WRITE(6,100)1 ,AC1) ,AL2) ,AL3) ,ASIGN(]) ,X0(C1),Y0(]),20t1),

1iXPt] K} K=1,3)

1

CONTINUE
CONTINUE
CONTINUE

GO TO (6,9),N
0083JJ=1,1

X0 (JJI=XPLJJ,))
YOI =XPJJ,2)
20(JJ)=xXP(IJ,3)
CONTINUE

N=2

60 10 1y

0084 JJ=1,1

X1 (I =XPLIJ, 1)
YIWJD) =XP(JJ,2)
211991 =XP(JJ,.3)
CONT INUE

RE TURN

END

SUBROUTINE' IGPLOTIU,V,I XA, YA,ZA)
OIMENSIONB(%),C(6),0(5) . E(S)
DIMENSION A(1)

DIMENSION Z21200)
DIMENSIONUCI) ,VI]) , X(S00),Y(500)
DIMENSIONAA(2)

READ(S ,690)AA(1) AA(R)
IFI1.LE.SIGO TO 6969
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kKT S A

X

. 690 FORMAT(2A6)
81(1)=6HNAVAL
B(2)=6H WEAPO
PU3)1=6HNS CE
" B(4)sSHNTER
C (1) =6HADVANC
C12)=6HED SYS
® _ Ct3)I=GHTEMS @
€ (4) «6HRANCH,
C(S)=6H CODE
Ci(6)=6H 3014
Dt1)=6HAIRCRA
D(21=6HFT SUR
D(3)=6HV]VABI
OtY)=GHLITY P
D51 «6HROGRAM
[ ] £(1)=6HRUN NO
- £(2)1=6H. HRP-
E1(3)=6H-
CALL MODESG (Z,0)
00 100 J=1,1
X(J)sULY)
YiJI=VIJ)
100 CONTINUE
) XMAX=X (1)
XMIN=X(1)
YMAX=Y(])
YMIN=Y (1)
DOG6611.Kn1 , I
IFOXCILK) LT XMIN) XMIN=X(ILK)
IFOXCILK) .GT. XMAX) XMAXsX (LK)
IFEYOILK) .GT. YHAX) YHAX=Y ¢ ILK)
® IFCYCILK) (LT.YNIN) YHIN=Y CILK)
666 CONTINUE
CALL 0BJCTG (2,0.,0.,409%.,3071.)
CALL SUBJEGIZ,XMIN,YMIN,XHAX, YHAX)
CALL GRAPHG(Z,1,X,Y,9,9HTIME--MS.,20,20HPRESSURE~-LB./50. IN. 45,45
IHPRESSURE VS. TIME PLOT--HYDRAULIC RAM PROGRAM)
CALL POINTG (Z,1.X,Y)
CALL LINESG(Z,1,X,Y)
® CALL SETSMG(Z,1%,1.0)
A(1)%6HX =
CALL NUMBRG(Z,1535.,111.,-6,Al1))
A1) =6M .
CALL NUMBRG(Z.1646.,111.,-6,At1))
AL1)s6HY =
CALL NUMBRG(Z,183%.,111.,-6,A(1))
AtL1)=6H .
CALL NUMBRG(Z,194%5.,111.,-6,A(1))
e AL1)e6HZ =
CALL NUMBRG(2,2130.,111.,-6,A(1))
CALL NUMBRG!2,1627.,:11.,5.1,XA)
CALL NUMBRG(Z,1909..111..5.1,YA)

A——

T

v S R R

CALL NUMBRG(Z,2222.,111.,5.1,2ZA) &

CALL NUMBRG(Z,18%8.,3036.,-24%,0)

CALL NUMBRG(Z,1708.,2901.,-35,C) h:

CALL NUMBRGI(Z,1748.,289).,-30,0) :
- CALL NUMBRGIZ,1816.,2711.,-14,E)

CALL NUMBRG(Z,2188.,2711.,-12,AA)
CALL SETSMG(Z,14,0.0)
CALL PAGEG (2,0,1,1)
CALL EXITG (2)
KRITE(B,10695AA(1) AA(T)

1069 FORMAT(/// ,°0evvosssssDATA POINTER®*o0es0sne: / *ooeTH]IS OUTOUT CO
INMPLEMENTS 1GS PLOT HRP - *,2A6)

o 6969 CONTINUE

RETURN B
END  E
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00Go0° L 0000¢g" 00050° 0000¢%"°

094£0°¢ 0200¢2° 02grL° 09450°1
QsZ+0° QiL990Q°

INO QOW 3INO NOISHIA WVHDOUYd WVH JINVHAAH

1) 2% Ad =

00000°SL69=
00003° =
00008°SL =
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000s0° =
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09901L° =
00000°ss =
00099°st =
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8 =
9 =
R =
00000°s =
00000°L =
00000°s =

Jd

b
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SN30
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(/))viza
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dIy1SX
HnLXQ
LU ¢
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1dviisd
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DISTANCE (IN) TIME (MSEC) VELOCITY (FT/SEC) CAVITY RADIUS (IN) CAVITY COLLAPSE (MSEC)

«0000

«2000

«+4000

«8000

«8000
1.0000
1.2000
1.4000
1.6000
1.8000
2.0000
2,2000
2.4000
2.6000
2.8000
3.000C
3.2000
3.4000
3.6000
3.8000
4.0000
4.2000
4.4000
4.6000
4.8C00
50000
5.2000
5.4000
5.6000
5.8000
6.0000
6.2000
6.4000
6.6000
6.8000
7.0000
7.2000
7.4000
7.6000
7.8000
8.0000
8.2000
844000
8.600C
8.8C00
9.0000
9.20C0
9.4000

«000C¢C
«N06G
«N119
« 0379
«023E
« 0290
«035&
0461
0477
«N537
« 0597
«0657
«071¢
2L776
o 08636
«08906
«0956
o106
«107¢
«1136
«11906
e 1250
« 1316
« 1370
« 1436
« 1490
0155¢
1616
« 1676
1738
01797
« 1857
« 1917
1977
«203¢
£+ 2098
2158
«2216%
22769
02239
e2400
02460
«2521
2521
e 2641
e2702
«2763
o 28212

JTCG/AS-74-T-018

2797.4999
279645209
2795.5622
2794.5939
279346259
2792.6582
2791.6°09
279C.723%
2789.7572
2788.7909
2787.,6249
2786.659%
2785.8939
2784 .92E9
2782.9643
2782.0000
2782.0359
2781.0723
2780.1090
2779.1460
ET778,1832
2777.2210
2776,2590
2775.2974
27764.3361
2773.3751
CT772.4146
277104541
2770.,4941
2769,5344
276845751
2767.6161
276646573
2765.0988
276447404
2763.7%18
2762.8228
2761.8¢€29
2760,.,9013
2759,9370
2758.9689
2757.9949
2757.0130
2756.0202
2755.0129
2753.%86"7
2752.9366
2751.£65061

3.,2938
3.2927
3.2915
3.2904
3.2893
3.2881
3.2870
3,.,2858
3.2847
3.2830
3.2824
342813
3.2802
3.2790
3.2779
3.2767
3.2756
3.2745
3.,2733
3.2722
3.2711
3.2699
2.2688
3.2677
3.2665
3.2654
3.2643
3.2632
3.2620
3.2609
2.2598
3,.,2587
3.2577
3.2569
23,2563
3.2561
3.2567
3.2582
3.2611
342660
3.2734
3..842
3.2991
3.3193
3.3459
3.38G0
3.6230
3!:")762

30
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24.3160
243135
24,3111
2643086
24,3062
26.3037
24,3013
2ho2988
26,2964
2642940
2442916
26,2891
24,2867
24.2843
24,2819
26.2765
26,2772
2442748
24,2724
24,2700
24,2676
2442653
26.2629
24.2606
24.2582
24,2559
24.2535
2bke2512
2642489
2402466
2bo2bbé
26,2424
264.2411

24.2408
2he2426
2442475

26,2575

2642748
24.3024
26443443
2604052
2444906
24.6072
24,7623
2445644
25,2225

25.564061

25.9450

BETA

«001732
«001732
001732
«001732
061732
«001732
«001732
«00173¢
001732
«001732
001732
«001732
001732
«001732
«001732
«001732
«001732
«00173%
«001732
«001732
«00i732
«001732
«001732
«001732
«001732
«001732
001732
«001732
«+001732
«001732
«001732
«001™32
«001732
001733
«001732
«001734
«001736
+001739
« 001743
001750
«001759
+001772
«001789
«0012192
«001843
«001F82
«001932
«001994

0




i

DISTANCE (IN) TIME (MSEC) VELOCITY (FT/S8EC) CAVITY RADIUS (IN} CAVITY COLLAPSE (MSEC)

9.6000
°,.,5000
10,0000
10.20600
10,4000
10.6000
10,8000
11.00600
11.20CC
11.4000
11.6000
11.60CC
12.0000
12.2000
12,4000
12,6000
12.8000
13.0000
13.2000
13.4000
13.6C09
13.8000
14.GC00
14.2500
14.400C
16,6000
16,8000
15.0000
15.2000
15.4000
15.6000
15.8000
16.0000
10.2000
16.4C00
16.6000
16.9000
17.C000
17.¢C00
17.4000
17.6000
17.8000
13,0000
12.2000
18.4000
18.6000
18.8000
19.060C

o2EB &
029464
+ 2005
<3066
e312¢
«3187
o 226%
« 3308
« 3369
«3420
«3491
o252
«3613
o 3674
« 3735
o 2767
«3858
+ 2619
« 2281
o4Ch2
«4104
o160
obz2
eb2%0
06353
ob415
«bd?8
04541
« 6604
btbe
o731
« 6795
e8¢0
04925
« 6590
e5055
«5121
«3187
e5c54
5321
5389
05452
«5526
«5596
s 50660
«5737
«SBC?
eS020

2750.7%78
2749,5732
2748.3524
2747.0641
274546957
2744 .2327
2742.6593
2740.9581
273%.1100
2737.0942
2734 .0883
2732.0/685
2729.5093
2726 .ER39
2723 .6644
2720.121%
271642252
2711.9447
2707.2487
2702:1059
2696.484°8
269043545
2083 .6846
2067644459
2662.6106
2660.1524
2651.0474
2641.2739
2630.8131
2619.6491
2607.7696
259541659
2581.8330
2567.7703
¢552.9812
2537.4736
2521.2598
2504 .3567
2486.7853
2L6BJETHE
24497845
2630.3388
2410,3917
2389.%444
2369.0414
d367.7299
2326.0597
2306.0827

JTCG/AS-74-T-018

35410
3.6185
3.71C0
3.8164
3.9387
4.0?74
4.2320
4,4056
4.5952
4.8016
5.0242
$.2626
$5.5160

S.7833 -

6.0638

6.3563

6.6597
6.9728
7.2942
7.6228
7.9570
Be2957
B.6372
8.9802
903233
9.6650
10.0038
10.%38¢
10,6669
10.9883
11.3012
11.6041
11.89%58
12,1751
12,4406
12.6915
12,9265
13.1449
13,3457
13.5283
13.6920
13.9362
13.9607
140851
14,1492
14.2130
14.2565
14.2798

31

2644289
27.0073
27.6887
28,4806
29.3896
30,4195
11.5741
32,8545
34,2604
35,7899
37,4398
39,2056
41.0817
43,0618
45,1385
47.3040
49,5498
51.8670
£4.2462
56,6777
59.1516
61.6576
64,1852
66.7239
69.2628
71.7913
74,2986
76,7738
79.2064
81.5859
83,9020
86,1448
88.3047
90.3725
92.3396
9% ,1978
95.9396
97.5582
99.0474
100.4019
101.6170
102.6890
103.6148
1043924
105.0203
105.4982
105.6262
106,0055

8ETA

.002071
«0021066
.002277
0002412
«002571
«00275¢
.002076
.00122¢
.003517
«003845
«004217
,004635
«005102
.005620
«006167
.006823
«007511
.008260
«009071
«009944
.010280
«011880
«012943
«014067
.015251
«035694
017762
«019143
«020%41
«021984
«0234066
.C2498¢
.026526
«0258091
0029671
.031258
«0328458
$034424
«035987
«037526
.039032
.040498
061816
«043276
0034579
«045794
0046937
0676932




DISTANCE {IN)

19.2000
19,4000
19.6000
19,5000
<0.0000
20.2000
20.4000
- 20.6000
20.50C0
21.0000
21.2000
2144000
21.6000
21.8C00
¢2.0000
22.2000
22.4000
22.6000
22.8000
£3.0000
23,2000
23.4000
23.6000
23.:0600
26,0000
24,2000
264.40C0
cbt00
Q4 +2060C
¢5.0000
¢5.2000
25.4000
25.600C
25,8000
26.0000
26.2000
26,4000
26.6000
26.2000
27.0000
27.2000
27.40C00
27.6000
27,8000
<8.0000
¢?.2000
2544000
2E 56000

05553
«6020
«6100
6175
o6¢51
«6327
«6604
e84E2
«5561
26641
06722
+6803
oAREES
«896¢
« 7052
o 7137
e7223
«7310
o 7397
o« 7485
o754
27664
«7755
YY)
07939
«+8032
«R126
822G
2310
28417
oR508
«860¢6
« 8704
«8E80¢
« 2901
«%2G01
9102
09203
+2306
e 9406
9508
«9611
9714
«9818
Q422
1.0027
1.0132
1.0227

JTCG/AS-74-T018

2281.8526
€259.4242
223640531
2214.1957
2191.5078
2163.8452
2146.2626
2123.8138
2101.5506
2079.5206
2057.7641
2036.3171
2015.213%
1994,4851
1974,1610
1954.2681
1934.8303
1915.8692
1897.402R8
1879.4500
1862.0214
1845.1288
1528.7802
1612.9218
1797.7363
1783.0447
1768.9057
1755.3156
1742,2689
1729.7581
1717.7738
17C46.,3051
1695.239%
16364.6638
1674.8623
1665.,31%2
1656.,2174
1647,5393
1039.2604
1631.,3798
1023.8602
1¢16.6280
1009,8437
1603.,3076
1597.N603
1591.0R26
1585.3554
1579.8603

16,2832
164.2670
14.2317
14.9777
14,1057
14,0162
13.9100
13.7879
13,6505
13.5005

13,3399

13.1694
12.0898
12.8017
12.6060
12,4032
12.1941
11.9794
11.7599
11.5361
11.3089
11.0787
10.8463
10.6123
10.3773
10,1418
9.9065
9.6718
9.4384
9.2067
8.9773
8.7505
8.5270
R,3072
8.0915
7.8803
7.6741
74733
7.2782
7.0893
6.9068
6.7312
6.5626
6.6014
6.2478
6.1019
5.0640
S.2340

32

TIME (MSEC) VELOCITY (FT/SEC) CAVITY RADIUS (IN) CAVITY COLLAPSE (MSEC)

106.0379
105.9258
105.672¢%
105.281¢
106.7574
106.1046
10%.3285
102.4344
101.4283
100.3286
99.1511
97.900%
0¢.5%31
95.2031
93.7661
92.2776
90.7427
80,1666
87.5%44
2S.M17
84e2327
82.5527
80.8401
79.1277
77.4019
75.6730
73.9451
?2.2223
70.508¢
68.8078
67.1216
6544597
63.8194
62.2066
60,6237
ST.0748
57.5626
56.0902
S4.6603
53.2758
51.9392
50.6528
49.6188
48.2391
47,1154
46.0491
45.0411
b4.0023

BETA

« 048956
«0499820
+050579
«051229
« 051765
+052184
«052454
e0526062
«052717
«052663
«052%511
«052261
«051¢%16
«051477
« 050947
«050231
«04963C
«048851
« 047998
«047075
«046090
«065046
«043952
«042812
« 041634
«040424
«03918¢
«D27935
« 036669
035398
e 034124
«032f62
«03160¢
«0306275
«0291¢3
e 027679
« 026820
« 025709
«024631
«023596
«022605
«021660
020765
«019918
«0191¢3
«O01E378
e0176R2
017039
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DISTANCE {IN) TIME (MSEC) VELOCITY (FT/SEC) CAVITY RADIUS (IN) CAVITY COLLAPSE (MSEC)

cB.80CO
29.000C
£9.2000
cF 6000
29.¢00C
29.8C00
x0,0000
3042000
20,4000
30.6000
30,8000
31.00430
31,2000
31.4600
31.6000
31.5G00
32.060C0
32.¢000
3244600
12,6000
22.5000
23.0000
23.2000
13,4000
23,4000
33.2000
14.0000
34,2000
34.4000
24,0000
34,5600
35.2000
35,.,200C
35.400C
15.6C00
15.32090
26,0900
34,2000
346.,400C
36,6000
36.£000
37.00C0
37.2000
17.4000
37.6000
37.8000
1¢,0000
3842000

1.2242
1.C446
10585
1.0066¢
1.07¢6¥%
1.Ca7¢
1.1984
1.109¢
1.129C
1.130¢
11417
1.152¢
1.1630
11245
1e%1e55
11965
1.2076
1.2180¢
1.22%7
1.2609
1.2520
1.263%¢
12744
1.2856
1.2%69
1.70%82
1.3105
1.3308
1.34622
1.753%
1.3¢5u
1.3764
1.7¢7¢
1.299¢
1.610%
1.4225
1.6341
166457
* 4573
145690
16207
1.4%24
1.5041
1.515¢
1.5277
1.5398%
1.5514
1.5¢33

JTCG/AS-74-TO16

157445794
1567.4653
1564.5914
1559.£516
1555.2609
1553.6C4R
1246.,4893
1542.2434
1535.1138%8
1534.0701
1530.1023
1526.2014
1522.3592
1518.56861
1514,.,2215
1591.1137
1507,43%94
1503.7941
1500.1740
149¢.5757
1492.9963
16489.,4337
1485,.8850
1482.3510
1478.8281
16475.3161
1471,E143
1465.3219
1464.8387
1661.3642
1457,3983
1454.4407
1453.v915
1447,.550%
T1644,1177
1440.6930
1437.,2765
1432.5681
16433.64677
1427.0754
1423.6911
142043149
1616.9467
1413.5%64
1410,2%42
16406.2898
103.5533
140C 2244

S.7121
S«.59082
5.4923
5.7642
S.203¢
5.2209
5.1451
5.7762
5.0137
4.9574
4.5062
L8614
4.%20s
46,7846
4.7524
47236
4.6979%
L,6740
Lo£5463
6.,6356
L.61806
&.A030
4.5885
4.,5750
boe5622
4.5500
4,%383
4,5269
£.5157
4.5047
4,4939
L 4B32
4.4725
4,4061¢
4.6513
LJoa07
4630
4.4197
4.4092
4.,1987
4.%883
L3779
L4.2675
4.2572
L2449
4.1360
4,7263
4.7162

33

6%.27¢8
42.3726
41.6013
£H.8a79
60,2313
39.6296
X9.080¢
38,5829
38,1328
37.727¢
37,3649
37.040R
36,7522
36,4560
36.2688
26,0674
35.888¢
35.7203
1545888
35.4621
25.34677
3502457
35,1402
35.0596
34.9765
16,6977
34,8223
34,7445
34,6735
34.608¢9
34.5404
36,4725
3404052
34.3383
34,2716
34,2052
34.1391
34.0731
X4 .0074
31.9419
XX.87065
33.8114
33,7465
*3.6819
33.617S
13.5534
1T.4878
TT.4207

BETA

o016444
+C15897
« 015397
«014043
014539
014161
«013220
2013536
«01327¢
«01304¢
o012%49%
«012677
012530
e012404
e01226¢
012209
012124
«01207¢
«012027
«01ICLE
+011957
«011934
«011915
«011902
«0118¢%2
o011885
«01192KC
«01197¢
011874
2019972
«011£72
«011R72
«01187¢2
«011°71
«C11ET71
«011871
«011871
«0119271
«071871
011871
019271
011879
011871
«011%871
«011571
«019%72
011872
2011072
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DISTANCE (IN)

38,4000
38,6000
38,8000
39,0000
39,2000
59,4000
39,6000
39,8000
40,0000
40,2000
40,4000
40,6000
40.3000
41.0000
41,2000
41,4000
41,6000
41,8000
42.0000
42,2000
42,4000
42.600C0
42.8000
43,0000
43,2000
43.4000
43.£000
«3.3000
44,0000
44,2000
4444000
44.6000
44,8000
45.0000
45.2000
4544000
45.6000
45.58000
46.0000
46,2000
4644000
46.6000

"46.8000
47.0000
47.2000
47.4000
47.6000
47.8000

TIME (MSEC) VELOCITY (FT/SEC)

1.5752
1.5872
1.5991
1.6111
1.623¢
1.6352
1.6473
1.6594
1.6716
1.6838
1.4960
1.7082
1.7205
1.7320
1.7451
1.7574
1.7698
1.7822

1.7947

1.8071
1.8197
1.8322
1.8468
1.8574
1.F700
1.R827
1.8954
1.5082
1.9210
1.9338
1.9467
1,9596
1.972¢
1.9856
1.9987
2,919
2.0250
2.0383
2.0516
2.0649
2.0784
2.0919
241055
241191
2,1329
2.1467
2.1600
2.1746

JTCG/AS-74-T-018

1396.9035
1393,5900
1390,.,2837
1386.9843
1383.6913
138044042
1377.1221
1373.86440
1570.5688
1367.2948
1364.0202
1360.742%
1357.4600
13564.1688%8
1350.8657
1347.5466
13644.2070
1340.84290
1537.4458
133440122
133065344
1327.0051
1322.4162
1319.7594
1316.0254
1312.206%
1308.2877
1304.2635
1300.1217
1295.8514
1291.4613
1286.8804
128241575
1277.2615
1272.1817
126649077
1261.4294
1255.7381
1249.8246
1243.6814
1237.3017
1230.6799%
1223.8116
1216.6934
1209.3236
1201.701°
1193.8293
1185.7085

CAVITY RADIUS {IN) CAVITY COLLAPSL (MSEC)

42061
4.2962
Lho2865
bo2771
4,2680
4e2594
4e2513
bo2440
be2376
4e?2323
bo2282
be2257
402250
bo2262
402300
4e23843
be2455
4+2580
bel740
bo293°
be3178
43460
L3788
beb163
bob586
4.5057
be5577
beb1406
L6763
467425
4.8130
L.PB876
4.9660
5.0677
5.1323
5.2193
5.3083
5.3987
5.4899
5.5814
5.6726
5.7629
5.8517
5.9385
6.0226
6.1036
6.1809
6.2541

34

3343645
33.3033
13,2437
23.1860
33.1309
33.0792
313¥.0320
32.9901
32.9548
32.9276

32.9099°

32,9036
22.9105
32.9327
32,9721
13.0310
313.111¢
33.2162
33.3469
3%.505%
33,6950
33,9960
34.%705
344597
34,7844
35.1452
35.5421
35.9748
36.4425
36,9461
37.4778
38,0416
38.6330
39.2491
39.8867
40.5424
b1.2125
61.8930
£2.5797
63.2685
63.9551
64,6352
45.3045
45,9587
46.5937
67,2055
47.7901
68,3440

BETA

V11874
«011875
«011878
«011882
+011888
«0118%96
«011908
«011824
0011945
011972
«012006
«012050
«012104
«012171
«012251
«012349
o012464
«012601
+012760
e 012945
+013159
«013402
«013679
«013991
«014342
«016732
«015165
«015642
«016165
+016735
«017355
«018024
«018744
«019515
«020336
«021207
«022127
+023065
«026108
«025165
«026263
«027298
«028567
«02976¢
+030990
«032234
«033493
2034762

W
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DISTANCE (IN) TIME (M{=C) VELOCITY (FT/SEC)

4F G0N
L5 ,2C00
48,4000
4% 46000
43,5000
4940070
49,2000
4% 4400C
49,6000
49.5CC0
"0.5000
50.c00C0
5T .400C
SNL.6C00
£C.2GCO
©1.0C00
$1.2000
£1.,4000
F1.4009
S1.#000
“2.5000
524200
524000
S2.60N0
f2.¢ 000
c1,0000
£1,2000
€3.4020
“3.6300
€3.,=000
S4.0CG00
34,2000
5504030
S4.,4003
£4.72C20
feo2J0
“5.2000
S5 .4000
£5450G30
¢y ..000
5s.0(CC
Le 2200
54,4000
“ea0d20
PRI IE
€7.0000
€7.2000

57,4000

2e1227
2,202
2.217¢
262247
2e2402
242609
2,2757
2e290¢0
263050
2.%20¢
263361
23570
2,767¢
26230
Ze15089
2eb 15U
2443123
24477
2448643
2ebt11
2,691
24%15¢
245325
245500
2e5477
2.535¢
246037
20621“
2ef672
Zeb38Y
26777
267152

JTCG/AS-74-T018

1177.3437
1165.7409
11956¢,9075
11. J.hE2F
194753960
1122,1205
112244691
111248466
11026638
1092.5527
1082.3161
1U7T1.577?R
1061,5572
1051.,0747
1040 .5492
1030.0026
10174550
1J02.9270
PR 4TINHR
982,.,0103
9?77.6409
967.40608
95742770
Y647 ,2841
¥37.4517
9277090
$1%43442
909.1037
¥0C0.0927
891.3249
682.6124
874 .5657
86445942
5% ,9051
851.5047
04L03°75
837.5%69
C313Q7‘7
02445415
813.9485
13,3281
£02.0C22
502 .9679
75842169
793.,76447
787e5464¢
785.,6090
7291.910"7

Rep

best avai

from
mducfa;ibler oco

CAVITY RADIUS (INj

heT22¢
6.3860
664439
6.4960
6.5420
6.5815
6.6144
6.64CH
6.5595
6.6715
6.6764
te67461
hetb4?
6.6483
644250
5.5643
6.5581
6.5150
6.465¢
6.4104
6.3495
6.2830
6.2102
6.1215
6.1470
56571
5.7624
57631
5.6596
5.5524
S.4417
5.3281
52117
5.C929
49721
445495
4.7254
4.6002
4,4740
4 T671
bo? 38

0022
3.5648
342275
3.710%
3.5842
3JLERE
37342

35

CAVITY COLLAPSE (MSEC)

LR ,86637
49,3400
49,7881
50.1871
S0e5409
SC.8475
51,1050
51.3122
51,4680
51.5718
S1.6230
$1.6218
51.5682
51,4628
51.3065
51.1002
50.8452
SCe5431
S0.195¢
4G .E044
49.3717
4R,.8084
L3.3792
L7.8147
47,2083
46.5629
45,8814
4541665
66,4212
63,6453
42,8502
42,0301
41.1900
LN.3326
39.4401
3£.574R%
27.6787
15,7741
35,8626
26.94¢3
X4,020°
33.10¢0
32,1852
21.2602
30.3504
2y.4392
2%45347°
27,6207

BETA

«036N3¢6
«07204
038564
«039810
«0461032
«04222E
«043348
2044505
045575
«046590
047545
«048434
«049251
«049991
«050650
051223
051708
«05c1GC
052398
052599
«052707
«052705
«0525¢8
«052349
«0519&6
«051511
«05091¢
«050212
«049401
e06ELY7?
047476
046276
0465192
0063032
«0462602
«041213
«02977C
.0382¢82
036759
«035207
033635
«022051
00462
«028R79
«0273C¢
«025750
«024220
«0227¢0




DISTANCE (IN) TIME (MSEC) VELOCITY (FT/SEC)

57.,4030
57.8CC0
S8.C0C0
56,2000
£3,4000
58,6000
£8.,£00C0
£9.0000
£¢.2000
59.4GCC
59.6000
56.8000
63.0C00

3.N42¢
20642
TolESe
T.1C7¢
Te1c@d
301500
3.1727
e 1945
7.2169
T,23L%
Te26C5
T.282¢
3.2047

JTCG/AS-74-T-018

778.498% J.2110
775.306% T.0891
172436426 2.9687
765.508% 2.%500
767.0629 2.,73233
7647257 2.5186
762.5762 245063
762.6037 2.3964
755.,7975 2.2892
757.1470 2 1R4¢
75546415 2.0835
7564.2708 1.9854
75240248 1.6908
36

aaNE e iy

st I B A S . S

CAVITY RADIUS (IN) CAVITY COLLAPSE (MSEC)

2647474
25.8687
25.0015
261471
23,3070
22.4%24
21.6747
20.8853
20.%157
19.3672
12,6413
17,9395
17.2631

BETA

021257
+019836
018461
017136
015865
014651
013497
012403
011372
«010404
«009499
«008657
«0078782

PRSP S SRS PN



1
2

=6.000
6.000

JTCG/AS-74-T-018

PRESSURE CALCULATED AT POINT

X = 36.00 (IN) Y = 30.00 {IN) Z = 6.00 (IN)
SOURCE COORDINATES
W X0 Yo 20 X1 \4 2
£,701 33.500 11.500 4000 30.507 1,500 =60.000 -1,
o751 3NLSET 21,500 L0000 I0LS0N 60,000 1.

37
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T (MSEC)

«128
«137
«150
0162
o175
«187
« 200
0214
e225
«237
¢ 250
0262
o278
«287
300
«312
325
«337
« 35U
0362
«375
«387
« 400
12
o425

437

e 450
Y .Y
o475
UEB7
oSLU
+512
«525
«537
+55C
«562
«575
«587
« 6050
Y3 ¥i
0625
e 637
¢ 650
0662
ot75
«681
o 110
e 732

P (P31)

« 200
«000
174,856
181.646
166.876
188,061
187.667
185,099
160,692
174,801
167.852
160,191
1524146
143.988
135,941
128.203
127,950
114,347
108,543
103.762
100,104
97.633
56,603
96.508
98.606
1Cl.67C
105.90%
111.296
117.52¢%
124,522
131,974
139,757
147.632
155,381
162.890
169,902
1764324
162,013
186,811
190.654
193.5%22
195,251
155.917
195.550
193.998
191,456
167.977
183,448

JTCG/AS-74-T-018

PPHI U (FT/SEC) ux
«GCO +LCC « 000
«C00 +LCC +00C
174,938 20782 24018
181714 3.138 2¢514
186.164 3.611 3,027
1864171 §4.042 3.546
187.8C2 4,472 4.05¢
1854260 - 4,894 4.547
180.88C 5.301 5.909
175.01% 5.£88 5S¢435
168.U98 6 +CSU 5.822
160.4¢€7 64396 66168
152,449 6.713 6.475
144,318 T.CC7 20745
136.297 T «279 6.981
128.584% T«53C 7.188
121.35% 7765 7371
114,776 7.935 TeS534
1084995 8,196 Teb84
10423 8 .403 7.825
10u.602 B 4609 Te961
98156 8.819 8.097
974153 9.C37 84237
97.485 94266 60382
99,214 G «508 8533
1024311 9.765 84692
1064583 10.C37 8.858
112.6013 10324 9.031
1184279 10.625 9.207
125.327 104938 9.388
132.827 Jl.262 9.569
l40.66¢ 11.596 9.754
148,591 114936 9.928
1564395 12.282 10.103
163.964 12.631 10.273
171.C3¢ 124982 1C. 438
177520 13.234 10,591
1836272 13.664 13.737
188,135 14.032 10.874
192.C44 144376 11.001
194,976 14 ,71¢ 11.117
1964774 15.C49 11.223
197.527 15.37¢ 11.318
197.2°07 15.¢92 11.402
195,72y 16 4CL2 11.47%
193,244 16301 11.539
189,628 16.59C 11,593
1850361 16 866 11.637

38

vy

«300

« 030
=e550
-0686
=826
~e967
«1.106
-1,240
=1.366
1482
-1.588
-1.,682
«1.766
-1.839
-1.904
-1.960
=-2.010
~2,.,05%
=2.C96
2134
-24171
=2.208
=-2+246
-2.286
24327
=-2.371
=2.416
-2.463
-2.511
-2.560
«2.610
=24659
-2.708
=2.755
=2.802
=2.846
=2.868
-2.928
=20966
-3.000
-3.,032
“30061
-3.087
-3.110
=3.130
-3.147
-3.162
=-3.174

sl s LACPRAA M B AT et RN R N A
s e e T b B Bl o

vz

«dra
«0D0
1.834
1.836
1.787
1683
1525
1.317
1.067
785
o481
165
~el57
-o477
o T9C
~1.094
=1.386
=1.667
-1¢937
=2+168
2,454
-2.707
-2.962
=3e222
-3.488
-30765
=4 G54
~4,.355
-4 46695
-4 4997
5336
-54686
-5.047
6,417
6794
=T7.17%
=7.568
=T %62
~8.358
-8.755%
-9.152
9547
~9,938
~10.325%
=-1J.7C4
=-11.076
-11.438
~11.789
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T (MSEC)

e 125
« 7137
» 750
0762
« 175
«787
« 600
e812
« 825
«837
« 850
e 862
o678
«E87
+ 900
2912
¢ 925
e937
«$5C
0962
¢ 975
«587
1.500
1.012
1.025
1,037
1.050
1.C62
1.G75
1.087
1,100
1e112
1.125
1137
1.150
1162
1.175
1.187
1203
1le212
1.225
1,237
14250
1.26&
1.275
1.287
1.3C0
1.312

P (rs1)

178.102
172.018
165169
157.713
149,774
141,445
1326744
123.826
114,811
105,777
96.778
87.878
79.207
T0.791
62.678
54,951
47.619
4C.708
34,271
28,352
224917
17.947
13,428
9.350
5.719
2479
-e393
-2.921
=5,128
=7.038
°80ﬁ65
=10, 048
-11.215
«-12.204
-13.,038
-13.733
-14,302
-14,758
-150113
-15.377
'15.56”
=15.670C
-15.716
«15,704
=15.640
«1%.529
=-15.376
15,184

JTCG/AS-74-T-018

PPHI U (FT/SEC) ux
180.076 17.131 11.672
174.048 17.384% 11.700
167.259 17.624% 11.72C
159.856 17,851 11.732
151.969 18.L65 11.739
143.6%0 18,267 11. 741
135.035 18 458 11,737
126161 18 463G 11.729
117.137 18,793 11.718
108.191 18 ,944 11.704
99.228 1$.083 11.687
904260 19,239 11,669
8l.719 19,324 11.649
734338 19,428 11.626
65.242 19,522 11.606
57527 19.605 11.585
5Cec28 19,679 11.563
43,33C 19,743 11.541
36,906 19.8UC 11.52C
21.002 19,849 11.500
25579 19.891 11.48C
2Ge.618 19,.,92¢ 1l.461
164166 19,955 11443
12.034 19,977 11.426
8.40686 19,994 11.43C
5171 20.CC6 11,394
2301 20,014 11.380
-e225 20,017 11.366
-2el33 20.C16 11.35¢
-4 o344 20.C12 110339
-5.973 2C.0US 11.327
=7¢359 19,995 11.315
-8.529 19,982 11.304
-9.521 19,969 110293
=10e 360 19,954 11.283
~11.G59 19,937 11.272
«11.633 19.919 11.26<
=12.094 19,900 11.253
“12.454 19,881 11,243
=12.72% 19.,86C 11.233
«12.912 19.84C 11.224
-13.,028 19.819 11.215
~13.080 19,798 11.206
«13.673 19,776 11.197
13,015 19.755% 11.188
-12.909 19.734 11,179
-12.762 19,713 11.171
«1¢.575 19,692 11.162

39

uy

3,183

-3.191

«3.196
-3,200
-34,202
=3,202
-3,2C1}
'30199
-3.196
‘3.192
'30187
-3.182
«3,177
-3.111
=3.165
=3.159
=34153
-301“8
-3.142
=3.136
’3.131
-3.126
-3.121
-3.116
-3.112
=-3.108
~3.104
-3.100
*3.096
=3.093
«3.289
-3,086
3,083
=-3.080
«3,077
=3.,074
«3.072
=3,7069
-3.066
=-3.064
-30661
=-3.059
3,056
-3.054
-3.051
«3.049
3,047
'300““

vz

'120128
-12.455
«126769
-13.,068
-13.353
=13.623
-13.877
-14,117
-14e341
-14,550
=14.744
-14,923
=15,087
=15.237
=15.374
=-15.,498
~15.,6C8
-15.707
~15.795
=-15.872
=15,939
15,997
=-16.047
-16,088
-164122
«160148
-316416%9
-160183
~164193
=16197
~16.198
~164194
‘160183
-16.179
164167
-16.154
160140
«16.124
-16.107
-16.,089
-16,071
=-16.052
-16.032
=164C13
=15,993
«315.974
=-15.954
«5§5.935
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T (MSEC)

1.325
1337
1,350
1.362
1,375
1,387
1.480
1.412
1.425
1437
1.450
1,462
1s475
1,487
1.500

P (rS))

-14,958
=-14,700
-18.,812
-18.098
=13,753
-13.390
-13.009
=-12.611
-12,198
«11.773
-11.338
+10.895
-10.446

~9,9973

-9.,530

JTCG/AS-74-T-018

12354
-12.1702
=11.820
=11.506
«11.17C
«10.812
-31G.436
-~10.062
=9.63%
9,212
~8e782
-8.342
=7.891
7444
=6¢988

TOTAL IMPULSE (PSI-MSEC)

U (FT/SEC) ux
19,672 11,154
19.652 11345
19,632 11.137
19.613 11.129
19,595 11.121
19.577 11.113
19.559% 11.105
19,542 11.097
19.526 11.089
19.510 11.081
19495 11.073
19.481 11.066
19,467 11,058
19 ¢454 11.050
19.041 11.043
= 1CA.6481466
40

uy

=-3,042
=3,040
-3,037
«3,03$
'3.033
-3.031
-3.,029
-3.,026
-3.02¢
-3.022
-3.,020
-3,018
-3,016
-3.,014
-3.012

vz

=-154916
=-15.,898
-15,88C
=15.,862
«15.845

"150‘29

-15.814
«15.799
~15.,784%
«15.,77%
=15.758
=-185.,786
«15.,735
-15.724
«15.,715

o

C




JTCG/AS-74-T018
PRESSURE CALCULATED AT POINT

X = 38.00 (IN) Y = 30.70 {iN) Z = 12,00 (IN)

SOURCE COORDINATES

X W X0 YO 20 X1 Y1

1 =12.000 5.701 30.500 31.500 .000 30.500 31.500
2 12.000 S5.70% 30.500 31,500 .000 30.500 31.500

41
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TR R YR IRRG

T (MSEC)

0212
0225
037
« 25U
0262
«275
« 287
« 30C
«312
325
03237
«350
e 36<
«375
0387
« 400
o412
425
o437
+ 450
62
o475
o487

P (r3)

«200

«C00
157,084
167.33C
177.586
187.667
197.336
206 334
2144241
22C+.809
22%5.809
2294457
€32.662
«36.858
243,819
254,660
265.621
288,424
309.721
332.152
354,533
375892
395.519
412.958
427.957
440,418
450,287
457.638
4624575
465.124%
4654570
463,817
46C.281
454,787
447.778
4394149
429.159%
417.973
405+532
392.154
I77.942
362.881
I4T7.244
331.167
314,¢61
297.88%
£81.203
264,085

JTCG/AS-74-T-018

PPHI U (FT/S8EC) ux
«ul0 +CCO «000U
«L2C +LCC «00C

1574125 24451 i¢109
167.382 24765 1.35¢%
177651 3.1CS 1,635
1877456 3,072 1.9582
197.436 2.863 24308
206427 4,275 2+7G3
214,395 4.704 3,130
2204987 Selll 3.604
226,020 54591 4,103
229.7C3 6048 44629
232947 6.518 5.187
2374190 T.C39 54791
244,208 T.,604 60461
«55.119 84263 7.217
2TCel67 9.C13 8.063
E89.LTT 9.853 84999

310.500 10.767 10,00
333.078 11.732 11.C49
355.623 12.729 12.11¢2
377.161 13,739 13,168
396.982 14.747 14,197
414.625 15.74C 15.18¢
429.63% 16 4707 16.114
442.51¢ 17,642 16,985
452.598 18,538 17792
46C.167 19.391 13.533
4650320 20, 199 19,2065
468.U79 £04959 19.82L
4684729 21,672 20.371
46T.172 22134 20.863
B63.624 224951 21301
458.508 23.518 21.687
451666 24 .042 22.028
443,193 24 4,520 224324
433,349 24,958 224582
422.298 254357 22.804
409.981 25.718 22,993
3964718 26 L4656 23.154
382.610 264343 23.289
367.645 26.61C 23,400
352.094 264852 23,490
3364096 . 2T7.C70 234563
319.662 27 «+ 266 23.620
302.9%1 2T 4443 23,663
864128 2T 623 23.694
2694264 2T 74T 23.715

42

uy

«0C0

« 000
-s303
=+.370
- B46
-e532
=e629
o137
~-e855
-~s983
-1.119
-1.262
-1s415
-1.579
=-1.762
-1.568
-24199
2454
-2.,728
'30513
-3,3C03
=3.591
-3.872
40141
-“0395
-4 4632
=4,852
=5.054
-5.239
'5.“&5
=54556
=5.690
~5+809
'5.915
~643708
-6.088
64159
64219
64271
-6+315
-60351
-6.382
-6.,406
6826
-bl42
=6 U454
=6belb2
b 468

uz

«000
«C00
2e164
2381
2602
2822
3.033
3.229
3.400
34536
3.630
3.678
J.685
34657
3.600
3510
3373
34177
2.903
24544
2.099
1571
«972
«314
-+390
=1.126
-1.880
24642
-3.402
‘“01“9
-4 o880
=5.586
=6 265
“~6.913
=Te530
=-8.112
~8.662
=-9,.,180
=94666
=-10.121
=10.548
=10.9486
~11.322
=11.673
-12.,002
'12.310
=12.599
-12.871
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T (MSEC)

v812
825
« 837
« 850
0862
« 275
« 887
«S00
2912
2925
e 937
e 9SC
0962
«eS75
«987
1.500
1.C12
1.G25
1.037
1.050
1.062
1.075
1.087
1.100
l.112
1.125
1,137
1.150
1.162
1175
1187
1.2C0
1.212
1.225
1,237
1.250
lecb2
1.275
1.287
1300
1.312
1.325
1337
1.350
1e362
1,375
1.387
1.400

e T I

P (PS1)

247.225
230,482
213.982
197.840
182¢.138
166,913
152.204
138,042
124,456
111.488
99.141
8T.429
76383
66,002
560274
47,198
38,809
31.0854
23920
17.389
11.483
64135
1.322
=-2.984
=6.800
~1Cel46
-13.072
=15,608
-17.782
=1%.,621
-21.,150
-22.389
=-23.,373
-24,125
-24,685
=25.076
=-25.316
-25.417
-25.395
«-2%.261
-25.,028
-24.,705%
-24,304
23,833
-23,.,300
=22.708
=22.070
-21.398%

JTCG/AS-74-T018
PPHI U (FT/SEC) ux
524452 2T.£78 23,727
2357548 27,995 23.731
2194294 28,102 23,729
203,189 28,200 23.723
187.522 28,290 23.71¢2
172.328 284372 234698
157.648 28,448 23,692
143513 284519 23,663
129951 28,533 234643
117.CC6 26.,643 23.622
104,681 28,697 23.600
92.988 28,748 23.578
814960 284793 234556
71595 28,835 23,533
61.882 28873 23.511)
52.819 28 4 SU6 23489
Q4,443 28536 234468
364697 284563 23447
29.572 28.9586 23,427
23.049 29.,C36 234407
17.149 29.022 23.389
11.8C6 29.L36 23,371
6997 29.C47 23,354
24694 29,C55 23.337
-1.119 29 .06C 230322
4464 22 .064 23,307
=7.390 29.L65 23293
=9.%926 29.C64 234279
=-12.101 29 .C62 23.266
~13.942 294158 23.253
=15.473 29.05%2 23.241
“16¢714 29,045 23,23C
=17.701 29 4L38 234219
~18.487 29.029 23,208
-19.C20 29.,C20 23.19¢
«19.415 29.(11 23.188
~19.658 29.CC01 23.178
-19.764 28.991 23.168
=19.745 28.96C 23.15¢
=19.616 28+S7TC 23.150
~19.386 28 « G860 23e14])
-19.068 28 ¢ 546 234133
=18.67C 28,4639 234124
~16.204 28 46529 23.1106
=1T7.675 28 4519 23.108
=-17.086 28 .51C 23.100
~16.452 28,631 23.092
=15.7%20 28 .892 23.084
43

uy

=6e471
6472
~6el72
-6.470
6467
65,463
6,459
~hol4SH
“5s448
-6bs842
=6.,436
=6,430
6424
=6.418
-6.412
=6.406
-6+400
=6,+395
=-6+389
=64384
=§.379
-6.374
=-64369
=64365
=64360
=64356
=64353
=66 349
-6e345
=64342
=6+¢339
=64 335
=64332
=6+329
-64327
~6e 324
=-6¢321
~+64319
'6.316
-6+314
6,311
-6+309
-6.,307
=-6¢304
-6.302
=6+300
=6,298
=6+296

uz

=13.126
’130366
=13.592
-13.,806
«14.,008
«14,199
-14,380
«14,550
-14,718
14,863
-15.005
=-15.,138
=15+262
«15.377
«15.484
-15.,582
=154672
~-15.754
-15.828
-15.895
~15,955
-16.008
~16.054
=16.094
'160129
-364158
-16.182
-16.202
=16.218
-156230
=)60239
=164244
=164248
«16+249
~16.248
=-16.247
=16.244
160241
=164236
=16.232
=16e227
=164222
=164217
164,211
-16.,207
«“16.202
=16.198
~164194




TIMSEC

1.412
: 1.425
4 1.437
1.450
1.462
1.475
1.487
1.5CL

TR LT R TR TR IR e

P (rsi)

«2N.689
«19,957
«16.206
-18,442
=17.,672
-16.,893
-16.113
-15.,338

JTCG/AS-74-T-018

PPHI

=15.077
-14.,349
-13.60])
=12.840
=12.071
«11.297
-10.520

“9.T47

TOTAL IMPULSE (PSI-MSEC)

U (FT/SEC) ux

28 4883 23.076
28,874 23.068
28.866 23,061
28 858 23,053
284850 23.045
28 4843 23.038
284836 23.03U0
28 .829 23.022
21247828846

4

64293
~6.291
-60289
~6.287
=64¢285
~64283
-6.281
~6.279

vz

~«16,190
=16.,187
~16.184
16,1861
=-16.179
=16.177
-16.176
«16.175
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[C. RY, ]

JTCG/AS-74-T018

PFESSURE CALCULATED AT POINT

X = 38.00 (IN) Y = 30.00 (IN) Z = 18.00 (IN)

SOURCE COORDINATES

w X0 Yo 20 X1 Y1 21

¢761 20,590 31.5C0 000 30.507 21.500 ~-60.000 -1.

701 30.500 31.500 GO0 30,507 31.500 6G.000 1.

f
i
i
¥
i
L

45
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T (MSEC)

¢ 3C0
312
e325
337
« 350
0362
«375
«387
« 400
ekl2
o425
437
¢ 450
2462
4TS
o437
« 500
512
«525
«537
«550
e562
P 4
«587
« 600
e 612
625
«t37
e 650
e 662
+ 675
« 687
« 700
712
0125
e 747
« 750
0 T62
e 715
o737
« 800
0812
o 825
e 837

P (PSH)

«00C

«000
116,488
123,179
130.220
137.623
145,391
153.517
161,78
170757
16C.090
191.230

2074342

233.527
274,958
334,008
409.284
495,191
584.979
671.379
T4B8.292
8114272
858.027
8884338
9G3.043
903,993
893.677
874,435
848,480
817.621
783,489
T4T.489
7104712
673.246
6364346
600.191
564.974
$30.934
498,241
466,985
437.155%
408,704
381.554
35R.661
330.967
307.383
254.879
267,416
2420935

e S R i S i SR L L S

k.

JTCG/AS-74-T018

PPHI U (FT/SEC) UX

«GC0 «LO0C « 00U

« 000G +LGC «000
116.510 1.797 «a538
123,205 1.974 0632
4300252 2.167 o137
137.661 2¢ 376 « 857
185,436 2.604 « 994
153.572 2851 1+148
162.544 3.118 1325
170.838 J.lce 1525
18Ge183 3,725 1756
191.343 4.092 2030
207482 44562 20381
233.710 $.222 2868
2754214 64169 Je 569
334,38C Teli6S 46553
409,843 9.118 5866
496.C16 11.C72 T+510
5864159 13.246 9.453
673.003 15.541 11.631
750,438 17.861 13.960
Bl3.996 204125 16¢ 347
61363 22.272 18.707
892.299 24 4266 206972
907.619 26.083 23.08¢
909.161 2T 717 25.018
899.402 294175 264754
E8U«679 30465 284294
6§55.198 314602 294644
824.770 324599 30.816
791.025 33,471 31.829
7550372 34,233 312.70GC
7184662 34,896 33,445
681.711 35,474 X4.081
645,053 35.976 34,623
609.110 36,412 35.084
57T4.080 36.791 35.475
540,203 37.12C 35.806
507+653 37.436 360088
4764524 37.656 364328
446,804 37.87¢6 36+532
418.45¢ 38.067 360706
391.388 38 4235 36354
365.571 38,383 36.98C
340944 384511 37.085
217.418 38.624 37.174
Z94 4965 38.723 37.248
273548 38 ¢8G9 37.310
853106 38.885 37.360

46

ot coweds

(') 4

«000
«000
-e147
=e172
-e201
o234
'027‘
-a313
'0361
-sl416
-4 79
=-¢554
-.649
-s782
=973
1,242
-1.600
-2.048
-2.578
-3.172
-3.807
-4,458
=-5,102
-5.720
66298
~6.823
=Te297
'70716
-8.,085
«-8.,404
-8,681
-8.,918
-9.121
-94295
-9.443
=9.568
-9,675
=94765
-9.842
-9.,908
-9.963
-10.011
-10,051
-10,085
«10.114
~10.138
«106159
10,178
-10,189

i

YT T R T R R T
R T e =t 5

Uz

«000
«000
1.708
1.862
2.028
2.204
24392
2590
2.800
3.019
34251
3.510
3.836
4,293
4937
5.784
6795
7.874
8914
9.897
10,472
10.859
10.957
10,784
10,377
9.787
9.062
84249
T+389
6.513
54646
4.802
3.996
J.234
24519
1.852
1.233
660
«130
“:362
-.818
=1.242
=1.636
=-2.004
=2.347
=2.669
=2.,971
-3.255
=-3¢522

ol



T (MSEC)

« 912

0925

«937

+ 980

0962

«S75%

«987
1.000
l.012
1ei25
1.C37
1.C50
1.062
1.075
1.087
1.16C
1.112
1,125
1,137
1159
1.162
1.175
1.187
1,200
le212
1.225%
1,237
1,250
1.262
1.¢75
1.287
1,300
1,312
1.32%
1,337
1.3%¢0
1,362
1,375
1.387
1.400
1.432
1,425
1.437
1.450
led62
1.475
l.487
1.500

TGTAL IMPULSE

SR R et o e e R L L i L Rl e Sk Lot A et o Er i D g iR st i Al Haiiaed i

JTCG/AS-74-T-018
P (PSI) PPHI U (FT/SEC) ux
22234413 233,818 28 4551 37.402
2L4.810 215.U46 39.0C9 37.435
187.n83 197+ 340 39 .Cul 37.461
173.209 1854495 39138 I7.482
154,170 164476 39344 37.497
138.940 149.26€5 394,178 37.508
124,503 134,844 39.238 37.515
11C.843 121.198 39234 37.519
97.942 1086310 39 4258 37.520
85.803 Soel81 39 .27E 37.519%
T4a397 BieT784 39 296 37.517
63.710 T443L05 39.311 37.512
534747 640149 394325 37.507
44,488 S4.897 39,337 37.501
35907 866322 39348 37,495
274989 Ja 408 39.357 37488
&0WTSO Jla174 39 .365 37.481
14139 244566 394372 37.473
Bel133 18564 39.378 37.466
24712 13345 39.384 37,459
=-2.119 8317 39,388 37.452
-6.413 4.026 39.392 37.445
-1Ce199 ecll 39 .39¢ I7.439
-13.,497 =3e(L55 3J9.399 37,433
«164337 56893 39 40Ul 37,427
-18.734 -8 a4289 39.473% 37.422
=204741 <~10e2%5% 39 .4G7 37.417
-22.385 -11.938 394U 37,413
«234697 «134.49 I9.4iC 37.408
-24,703 -144255 39 .412 37.404
-25.432 -14.9£3 KA~ 37.401
=250902 154452 39.414 376397
~eba1li8 =-154698 3J9.415 37.394
=26.200 <15,75C 39.416 37.391
“26.092 <154641) 39416 37.38¢
=25.839 =15.328 39.417 37385
~<54471 -15%.019 I9.417 37.38¢
«25.003 ~14,.551] I9.417 37.379
=24,450 <13,999 39,417 37.377
=23.828 -13.376 19,417 37.374
-23.148 =12697 39.“17 370371
=22.423 ~11.972 39.416 37.367
“21.663 ~11.213 39 415 37.364
-20.878 “lLUel429 39,414 37,361
-20.C73 =Fe624 39.413 37.357
~19,259 -84811 39.411 37353
-l8.,444 7997 39.40L9 37.349
'170633 -T.186 3947 374345
(PSI=-MSEC) 297.,1140862
47

uy

-10.,200
=10.,210
=10.,217
=10.,222
=10.226
=310.229
~10.231
=10.232
=10,233
10,232
=10.232
-10.23%
=10.229%
~10.228
=10.226
210224
=10.222
=10.220
=-10.,218
=10.216
=10.21%
=10.212
=10.,211
«10,209
-10.2C7
-i0.206
=10.2C5
=10.,203
=-1C.202
=1C.2C1}
=10.230
-10:199
=-10.158
-10.198
=-10.,197
=10.196
=10.19%
=10.,194
=-10.194
=10.193
=-310.192
«10.191
=-10.,190
-10.189
-10.,188
-10.187
=-1C. 186
-10.185%

uz

3774
-4,012
-4 4237
4,450
4,652
~U 843
~5.024
‘50195
-5.357
5513
-S5+654
=5.790.
'50917
-6.037
=-6ell8
«6.253
=-6+349
~6.439
=6+522
=-6¢598
-6,668
-6.733
-6e791
6845
-6895
~“6+939
-6+980
-T.017
‘70050
'70081
-7.108
=Tel134
=Te157
=7.178
=7.198
=Te217
~Te234
'70251
‘70267
~T.282
=7 296
-7310
‘7032“
-Te337
-T.349
=Ta361
'70373
-~7+38%
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JTCG/AS-74-T-018

PRESSURE CALCULATED AT POINT -

ST 1, ST,

X = 38.00 {IN) Y = 30.00 (IN) 2 = 24.00 (IN)

o

SOURCE COORDINATES I

QY NECR.

R TN DR LRI TR RS AT N L

5

X w X0 Yo 20 X1 Y 21

T
Tkt L

1 =24.000 5.701 30.500 31,500 .00C 3C.500 31.500 <-60.000 -1.
2 24,000 5,701 30.500 31,500 .ULOO 30.560 31.500 60.000 1.
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T (MSEC)

& CC
12
o425
U437
o450
462
o475
487
500
e51c¢
e525
0537
+55C
e562
«575
«587
o 60U
0812
e 625
o637
0 650
e 662
+675
0687
« 700
«712
e 725
«137
» 7150
0762
o775
o 7817
« 80C
o81<
e 525
«837
+ 850U
«862
« 875
0887
R 1i]
0512
e G625
o537
¢ 950
w62
«S7TS
0987

P (PSI)

« 000
«ogn
92.821
97.8086
161.58C
1066321
111.326
1164615
1224206
128,191
1354192
145,439
1634467
195,562
2464768
317.923
4L 709
5C03.819
6L4.292
6984836
760509
844,799
B869.906
916.163
9254642
9214298
905.795
882,114
852.231
E18.238
7816732
Thi,189
7064326
6684679
t¢31.564
5654262
5604042
525.922
491,135
461.619
431.377
402.608
375.C96
348.854
323.897
300,230
277741
2564409

JTCG/AS-74-T-018

PPHI

«uU
«LOC
924835
974102
1014599
1C64342
111,351
1164643
122,239
1284230
115,233
1454494
163.568
1954063

2464925

3184178
406,120
5S4 4458
605,233
7036146
7824236
BUb 967
892.,52C
919.2C9
929.100
925.1U4
91C.004
886.604
557.181
623.410
787.187
TU9.914
712.307
6T4.910)
6l8.011
601.919
566892
S$32.949
SCU.224
4684953
438.84]1
4104289
382.78C
356.629
331752
3084154
2854726
264 U5

VU (FT/SEC)

«NEC
«CUC
1.426
1.536
1,654
1.732
1.919
2.C67
26227
2.4C0
2.598
24856
3.248
3.878
4,839
64363
TeE24
9747
11.829
1%2.95¢
16.C21
179523
19,711
21.281
224673
234911
25 .C15
26 .C09
26 49C7
27727
28 478
29.174
29 .818
I0.413
30959
31,458
31.912
32,221
32.69C
33.C1l9
33,311
32,571
33,799
33,998
314,171
34,322
34,4512
I4.564

49

Ux

«U0L
+C30
328
«372
421

s U76
538

+ 606
«683
769
«87C
+999
le186
leld478
14928
24573
30431
4497
Se747
7.137
8e616
106134
11.648
13.12¢
14557
15,928
17233
13.47¢
19.656
2U0«T772
21.827
24826
234768
244652
25,47¢
264238
26943
27.588
284178
2847148
29198
29.636
30.029
30.381
30.695
30.977
314227
31e45C

JY

« G0
«300
-,089
-.101
~ell$
-e130
u.lQ?
=165
=-s186
~e21C
-e237
272
-e3213
o403
=e526
-e7C2
-s936
-1.227
-31¢567
=1.947
=-2+350
=2+764
-34177
=3.580N
=3.970
'“03““
'“0700
-50039
=5+361
=54665
«5+953
=6:.225
-6.U82
-6e723
=6.948
=T74156
-7.348
=T.524
=7.685
-T7.831
=74963
-8,082
-8.,190
=-8+286
~8+371
-8.U48
'80517
=8.577

uz

«000
+000
1.385
1,487
1,596
1.712
1.836
14969
2111
24264
24436
20661
3.006
3.562
4,407
5¢556
64569
8560
10.219
11.632
13,301
14,560
15.581
154362
164924
17.297
17.512
17.597
17.576
17.470
17.295
17.068
16,798
164495
160163
15,809
15,442
15,068
14,683
14,300
13.918
13.543
13,175
374815
12.466
12.128
11.802
11.489
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T (MSEC)

1.000
1.012
i 14025
1.037
1.€50
le062
1.075
l.087
] 1,100
y 14112
i 1125

1150
1.162
1.175
1.187
1,270
le212
le¢225
1.237
1.250
le2b2
1.275
1.287
1.300
1.312
1325
1.337
1.35C
1362
1375
1,387
1.400
lebde
1.425
1.437
1.4%0
leb62
1,475
1.487
1.50C

ST elotlr ¥ A u i, SR A

14137

P (PSI)

2364181
217.028
198,923
181,821
1654696
15C.529
136,266
122.879
110,342
98.625
87.735
77577
68.184
59.521
51566
44,281
37.637
31.630
266224
£1.377
17.056
13.249
9.914
7.011
4,508
24373
«593
-e877
2,071
'30015
'3.737
‘“0259
'“0601
‘“.788
-4,848
-4,810
-Q0692
'“0508
-U4,269
-3,987
=3.6068

JTCG/AS-74-T-018

PPHI

2440262
2254146
207073
1894999
173897
1584749
144,501
131.128
118.602
1064894
954,992
854,661
ToelT3
67815
$59.665
52583
45,942
39.939
344536
294692
25s374
21570
184239
154339
12.838
lue707
8930
Telb2
6e272
5330
4611
4.091
3752
Je567
35C9
3550
30669
Jedsu
4.094
4378
46696

TOTAL IMPULSE (PSI-MSEC)

-
-

U (FT/SEC) UX
34.,66C 31.549
34,740 31,825
34,809 31.98)
34,867 32.120
34,915 324245
34.956 T2.356
34.990 32,455
I5.019 32.544
35,042 324,624
35,062 324696
35.078 32.761
354092 32.820
35,104 32.874
35.114 326924
354123 324969
35,131 33.012
315,138 33.051
354145 33,087
I5.152 33.12&
35,159 1I.154
I5.165 33.184
35,172 33.213
I5.178 33.240
354185 33.266
35,191 33.290
35.198 334313
354204 330334
354210 334355
354216 33,374
354222 330392
354228 334410
354233 33426
354239 33.44)
IS 243 334455
35,243 334468
I5.252 33,480
354255 334491
35.258 131,901
I5.26C 33.511
354262 334519
I5.264 33,527
3LC.512U926
50

Uy

“8,631
“8.679
=8,722
-8,760
8,794
=-8,824
=8,851
~84876
=8.,897
'8-917
'8.935
-8,951
8,966
8,979
8,992
~9,003
'9001“
=9.,024
-9.,033
‘900“2
-9.,050
«%9.058
=9.068
=9.072
9,079
'9.085
=9,091
'9.097
=9,102
-9+107
=-9,112
=%9.116
-9.120
=9.124
=-9.128
'9.131
'9013“
=9.137
'9.139
€142
-9.144

uz

11.187
10.898
10.62C
104,358
10.101
9.858
9626
9404
9.192
8990
8.797
84612
Bel37
8270
8+111
T+960
T.816
T.680
7551
Te429
T¢313
T.204
7101
7.004
6912
64825
6744
6668
6596
64528
6.465
64405
Se348
6295
6245
6.197
64152
64109
6.068
6029
$.991

¢

. lﬁi'aaa.-!«:\zmb:;;r-ﬂ
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|
PRESSURE CALCULATED AT POINT
| X = 38.00 (IN) Y = 30.00 {IN) Z = 30.00 (IN)
» SOURCE COORDINATES
x w X0 Yo 20 X1 Y1 2
» 1 =30.,000 54701 30.570 31,500 +iC0 30.500 31,500 =60.00C -1.

2 30.00C S.701 30,500 31.500 .000 3C.5u0 31.500 60.000 1.

51
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T (MSEC)

«500
«512
«525
¢537
+ 580
0562
« 575
«587
« 600
e 612
« 625
e 637
e 650
« 662
0675
« 687
« 700
« 712
« 725
« 137
« 150
YA
«175
« 787
+« 800
+ 812
625
« 837
+ 850
e 862
«875
+ 887
«9C0
»912
0925
e 937
« 950
562
0975
e 587
1.000
1.012
1.025
1.037
1.050
1,062
1.C75
1087

P (P31)

«000

+ 200
T6.128
T8.944
81.896
84,994
884250
91.676
95,286
99.189
104.069
112.172
127.751
156,203
200,708
260.814%
332.608
409,727
484,861
551,091
603,449
639.628
65%9.736
665,930
6614122
648,238
629.893
607,980
586,534
560,832
537.434
514,633
492.602
471,414
451,082
431.578
412.825
394,750
377,803
360.590
344,250
3284497
313.085
298,188
2834612
269+556
255.816
2424551

PPHI

«000
+G00
76137
784954
81.9108
85.008
88.265
91,692
95.305
99.210
104,093
112,202
127.790
156260
200,800
260.965
332.852
41Cc.100
4854393
551.8C1
604,340
640,689
660,944
667262
662556
649.756
631.483
609633
5866246
5624603
539.265
516.526
494,559
473.4306
453.173
433.740
415.0U59
397.057
379.784
363.047
1864782
331.1C3
3154765
300.941
2864435
272449
258,717
245.577

JTCG/AS-74T-018

U (FT/SEC)

«£30
«000
1.166
1238
1215
1.397
1,485
1.578
1.677
1.785
1.912
2,093
2297
24910
3692
4746
6.025
Tel42
8 4894
10.276
11,510
12.55%
13,401
14,.,C71
14.60C
15.C24
15.375
15.€76
15,954
164226
16 498
16,773
17.C54
17.340
17.632
17.926
18,223
18,520
18.817
19.111
19,399
19 .684
19.960
20,229
20.488
204739
20.979
21.,208

52

ux

+00D

+000

e 216

«239

e268%

«293

e 324

¢ 358

« 395

437

«48¢

«551

2653

« 820
1.076
1,434
1.892
24432
3.029
o647
44255
40829
5355
5830
6261
6656
7.023
74370
77068
84045
84385
8.729
9.079%
9,430
9.801
10.172
10.550
10,933
11.322
11.714
12.109
12.507
12.904
13,300
13.694
14,085
14,471
14,851

V)4

+000

+C0C
-,059
-« 065
=072
-,080
=-,088
-,098
-,108
-s119
-e132
-e159
178
o224
=e293
=+391
-,516
-,663
-,826
=995
=1.160
'10317
=1.460
=1.590
-1.,708
=1.,815
1,915
-2.,010
=-2.102
=-2.194%
=2.287
-2.381
2,476
=2.574
-2.673
-2:.7T74
-2.8177
=2.982
-3.,088
=3,195
=-3,303
'3.“11
-3.519
-3.627
°30735
=-3.841
-3.947
-0.053

vz

«000
«000
lelus
1.213
14286
le364
1446
1533
1626
1726
1.844
2014
20299
2784
3.519
4507
54697
7.0C2
8¢321
9.555
10.632
11514
12.197
12.707
13.079
13.347
13.542
13.689
13.809
13.919
14,023
14,124
14,222
14,319
14.411
148,498
14,578
14,648
14,709
14,783
14.792
14.812
14,816
14,804
14,775
14.730
14,667
14.589%

Al i e



T (MSEC)

1.100
1112
1125
1.137
1.150
1.162
1.175
1.187
1.200
1.212
1.225
1.237
1.250
1262
1.275
1.287
1300
1.312
1.325
1,337
1,350
1.362
16375
1.387
1.400
1.412
1,425
1437
1.450
1.462
1.478
1.487
1.50C

P (PSI),

229,719
217.263
205,309
193.824
182.75%9
172137
162,013
15%+.364
143,156
134,385
126,058
118,166
110,699
103,655
97.0u48
90,836
85,009
79.569
74.511
69,808
65,447
61,422
57.733
BU4.345
51,243
484413
45,843
43.524
41.427
39,5306
37.836
364310
J4.944

JTCG/AS-74-T-018

PPHI

232.8C7
2200411
208,515
197.085
186.072
175.499
165.421
155.817
146.650
137.918
129.626
121.768
114,333
107.317
100.738
94,550
854747
83,329
784291
T73.606
69262
65.254
61.579
€8.204
55.115
§24296
49,737
47.428
454351
43,458
41765
4d.286
l8.887

TGTAL IMPULSE (PSI-MSEC)

U (FT/SEC) ux
21427 15.224
21.634 15,5886
21.831 15,945
22.018 16291
224193 16627
224357 164951
22511 17.263
224656 17.564
224791 17.852
22.916 18,127
23.032 18. 339
23.141 18,639
23.241 18.875
23.334 19.099
23.420 19.311
23499 19.51G
23.572 12,698
23.641 19,875
23,704 20.040
23.762 20,1956
23.815 20,6 341
23.864 206477
23.91C 20,605
23952 206724
23.991 23.835
24 .C27 20,938
24 .C61 21.035
24 .C91 21,125
2k .,12C 21.210

24 0146 2l.288
24,170 21,361
240192 214429
24,212 214493

= 24T7.8301487

53
OO RBOE - T e

-~.9~“
-5.015
-5,083
‘5.1“8
=5+209
=5.267
-5,321
5,372
-5.42¢C
=5.466
-5.508
5,548
=5.585
-6,619
5,652
~5.682
5,710
-5:,737
-5,761
‘5078“
-5.8C6
-5.826
-S.844
-5,862

13,119
12,930
12.738
12.545
12.352
12.159
11.969
11.782
11598
1l.418
11,243
11.073
10,909
10.750
10.597
10,450
10.310
10.175
10.046

9923

7805

9.692

2585

9483
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Appendix A
DERIVATIVES OF POTENTIAL
POTENTIAL
1 L8
Xp(™M
=B 1 I

o-2 | r{A(s)-B[t-c-tb(a]}ds

o
LEIBNITZ'S RULE

Xp(™)
ap_ BAp [axb(r)] B2 s at
: O at 2Rb ot 2 % r
: BA,, [3Xy,(7) )

3 _ b[ b"] Bj aurf o o

3w IRy, | 0w 172 -8 [t o] e

Xpp(7)
Ay, [3Xy (7
23 ‘H’ [
DERIVATIVES OF X(r) .
Xp(M _XpM a7 _, 87
at or ot = ot

' Similarly,
_i 0Xp(M _ or
w =v3$
Ho
: Xp(™ _ 21

x| ox
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Rp
Since 7=t-—2 Ry, = Vel + (x - Xp)?

_ 3Ry _ 1% Xp 3Xp(")
- at t ¢ Ry ot

X _ [, 1% % X
ot Py Rb ot

Q

b
-
Ed

o

[

>
[~

g et s

=

P S STy -2

PN 3 RORAPYAM A% F s At S LA st fu e it £

v it st :
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Integral in d¢/dt expression

Xp Xp
,EI_dLs dE
r

(3 o dw2+(x"c’)2

y=x-§ t=x-y dE=-dy

—-'£ \Iwz +y2

From tables

X-xb

I=- [Qn(y*' m)}

X

x+ Vo2 +x2

% - Xp + Vw2 +(x - Xp)?

X+RO
x-xb+Rb

[=¢n
Derivatives within integrals of d¢/0x, d¢/dw expressions

8/t _ 1 or _ 1 2 YR
af“s;-zsa @iH -8 =5

%&‘Lr“l‘g*l-a- Wi+ (x-p2=-25d

Combining terms

2‘2=-BAb A +_B..2.Qn _.iiE."....
ot ZRbl Vx-xb 2 X -
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Vw Xp(7)
28 e oo
<R
%'_X*Xb Xp(7)

: R

ng_‘,y‘b______b__ ..,._B..j {A( )-B[t-t ( )]li‘..'.gd
o Tk [V 1Ko 29 ¢ b®]§ =3 %
C

PROGRAMMING NOTE

The remaining integrals are difficult to evaluate numerically. For example, for x term
define

Xp(M
lxaj {A(z)-B[a-th(e)]%"—r‘%ds
(o]

Find an cxpression for d1/3t and calculate 1 as a function of time by integrating d1/0t.

Leibnitz’s Rule

Xp(™)
aly Rb) x - Xy, |3X,(M J’ X -
—_— B =— - —-—
at (Ab 8= R3 at 8 3 a8
b o
but
)S(b(T) X - Xp v | x -Xp
."_'..Edg = S - ly = (——_—)
3 %7 | Ehd :
: r 2 w2+ y Vol +y? )
=(L..L
Rb Ro
62
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Similarly, for the w term
Xp(M

I,=w [A-B(t-tb)]-% dg
() I

Leibnitz’s Rule

but
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Appendix B

UTILIZATION OF IMAGE LIMITER ARRAY

L. SAMPLE PROBLEM - SEMI-INFINITE FLUID

A. Pressure at a Point Within Fluid

Aty

Flui\ surface at X = 0, pressurc at PG, image as shown,

Image limiter array:

aQ LP(1). LP(2). LP(3) = 0.0,0
LM(1), LM(2), LM(3) = i,0,0

Pressure at PG inclucdes primary pressure wave plus reflection from free surface calcu-
lated from negative image.
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B. Incident Pressure on Surface

j+Y

+X

Fluid surface at X = 0, pressure at PG, no images.

Image limiter array:

LP(1), LP(2), LP(3) =0,0,0
LM(1), LM(2), LM(3) = 0,0,0

Gives incident pressure wave on surface X = 0.

II. SAMPLE PRdBLEM - SEMI-INFINITE SLAB
A. Pressure at a Point Within Fluid

+Y
“ ﬁ0"“‘

-2 -1 0

et L M 10 a R b i

L

+2

SL

+X

N N PR T 12 ET T TIPS

NN SN

LI D, O P

- 1.
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Fluid between planes X=0 and X = L pressure calculated at point PG.

1. Source in cell O gives primary pressure.

. Negative image at cell +1 gives reflection from surface at X = L.

R i R g e I g
SIS B ol iy JErCIT W o R Y
SATRAST I 2 25 3 A . Ry

g

TR

i

2
3. Negative image at celi -1 gives reflection from surface at X =0.
4

P

. Image at cell +2 gives twice reflected wave from source in cell 0 to surface X = 0 to
surface X = L to point PG. '

2

.
2

T RPN T S R S-S W

5. Image at cell -2 gives twice reflected wave from source in cell 0 to surface X =L to
surface X = 0 to point PG.

7=

Number of images along the X axis increases the number of reflections which are
accounted for. If pressure is to be calculated for time, T, the number of images, N, requires
approximately

- —

> <L
INH1ZF

where ¢ is the sound speed in the fluid.

NOTE. Computer running time is propor-
tional to product NT for the semi-infinite
slab.

NOTE. The free surface approximation for
light structures gives increasingly inaccurate
results for multiple reflections.

PT SRR RO TS S X

&

A NG LS SRS T S

NOTE. Pressure from a given image source
decays approximately with 1/R2 dependence
so reflecting waves become progressively less
important with increasing cell number.

Economics and accuracy indicate truncation of the number of images.
Image limiter array for illustrated example with twice reflected waves:

LP(1), LP(2), LP(3) = 2,0,0
LM(1), LM(2), LM(3) = 2,0,0

USRS 2

67
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B. Incident Pressure on Surface at X =0

Find images which contribute to incident pressure in sample problem IIA. Incident
waves come from the right. Waves reflected from the surface X = 0 arise from images on the
left. (If the incident and reflected waves were added, the result would be zero.) Therefore,

the image array should be
AtY
® N\
N\,
\,
/ N
) L 70 e *X
-1 0 +1 +2 +3

Image limiter array:

LP(1), LP(2), LP(3) = 2,0,0
LM(1), LM(2), LM(3) = 0,0,0

C. id =

Same logic as example 1IB. Incident waves, in this case, come from the left.

/ \\\ / ®rc

=2L -L 0 L

-3} -2 -1 0 1

Image limiter array:

LP(1). LP(2), LP(3) = 0,0,0
LM(1), LM(2), 1.M(3) = 2,0,0




o
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o lIl. RECTANGULAR CROSS-SECTIONAL CYLINDER
A. Pressure Within Fluid
Extend logic of example IIA to two dimensions.
®
A+ Y
-1. 1 0, 1) (1, 1)
/ \\
~
N
N
/ ~\
~ h N
. X N
“Q PG .
(1,00 N 0,0 0,0 N
+X
N
~
~
~
N
w
Image limiter array:
LP(1), LP(2), LP(3) = 1,1,0
LM(1), LM(2), LM(3)=1,1,0
NOTE. The number of images required for
time, T, with fluid volume dimension L is
approximately:
2
>(<T
2N + l_( L)
Economics may dictate truncation of the number of images.
b
69 i
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B. Incident Pressure at a Surface
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Let the point be the surface Y = L. Referring to example IIIA, incident waves on this
surface come from below; reflected waves come from above. Image array is then

HY

~Bs

(0, 0}

(1' o)

- 4+ X

(-1p -1)

-1, 1)

Image limiter array:

LP(1), LP(2), LK(3) = 1,0,0
LM(1), LM(2), LM(3) = 1,1,0

IV. NONRECTANGULAR VOLUMES

Nonrectangular volumes cannot be treated exactly using the method of images for
wave reflections. Exact treatment is very difficult and computer codes are not available. The
following suggest ways for approximately accounting for wave reflections in nonrectangular
volumes. Incident pressures will be considered.

Circular cylinder: construct rectangular volume for each individnal point on the

surface.

70
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Yl
Y
PG1
> —a X * PG1

s e b

\J
$
/
\\
,';
P R e R

AN
P
N

7/
7/
r4
e
/7
o LA Mo e Rl MR Y B T N L i

Obviously, the closer to rectangular shape the more accurate the results will be. The
accuracy of this approximation has not been evaluated yet.

n
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Appendix C
COORDINATE TRANSFORMATION

1. Entrance coordinates (Xg, Yg, Zg) = io

2. Point on trajectory (X1, Y1, Z1) = Xj

3. Point in space {Xp, Yp, Zp) = Kp

4. Cylindrical coordinates with respect to trajectory (x,w)

Problem: Calculate (x,w) for point -ﬁp as a function of ﬁo, _Rtl ,and ﬁp.

-

R

p
w

— — TRAJECTORY
Ry Ry

x=®-Ro) - @& -Ro) / R - R

_ (xp - xo)(X] - XO) + (Yp - Yo)(Y] - Yo) + (& - Zo)(zl - Zo)
= T

X

where

ns |§1 "ﬁol = V(X1 - X2 4 (Y] - Yo)2 + (Zy - Z,)2

If rg E‘Ep '_ﬁol - \kxp “Xo)2+ (Yp- Yo)2 + (Zp - Zo)?

Problem given U = (Uy, Ug), find U = (Uy, Uy, Up)

A A A
Define unit vectors in (X, y, z) coordinates X, Y, Z

. . . A A
Define unit vectors in x, w coordinates X, w
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Velocity components are:
Uy = Uk » D+ U+ X
A A
Uy = UxR + ) + Uy + )

A A A A
Uz=Ux(x * Z)+Uw(w . Z)

Unit vectors are

—>
=§1’Ro

»>
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Appendix D

RECOMMENDED BULLET CONSTANTS

Constants +30 caliber .50 caliber 12.7 mm 14.5 mm
Bullet 9
weight 165.7 grains 622-649 grains 46 grains 963 grains
Bullet Diameter: Diameter: Diameter: Diameter:
dimensions 0.308 in, 0.510+0.511 in, 0.510-0.511 in, 0.586 > 0.587 in.
Length: 1.39 in. Length: 2.31 in. Length: 2.5 in. Length: 2.6 in,
Pm(;:r’::o: 80->81.2 grains 375 grains 448/449 grains 655 grains
Pe Diameter: Diameter: Diometer: Diameter:
netrator 0,244 ->0,245 in 0.426 - 0.427 in, 0.427 in 0.4889 in
dimensions A A . X X X . X ,
Length: 1.08 in, Length: 1.8 in. Length: 2,07 in. Length: 2,075 in,
Jacket 84.5 +85.7 grains 247 > 274 grains 297 =+ 298 grains 293.21 grains
weight includes incendiary includes incendiary excludes incendiary
Jecket Same as bullet Same as bullet Same as bullet Same as bullet
dimensions dimensions dimensions dimensions dimensions
Bullet/jacket
projected 0.0745 in? 0.2042 +0.2050in. | 0.2042-0.2050in. | 0.2697 -0.2906 .
untumbled
Bullet/jacket
f::jf“‘“ 0.31732 in? 0.73625 in? 103772 in? 1322 in2
untumbled
Penetrator
f::j“"‘" 0.0468 0.0471 in2 | 0.1425 +0.1432in2 | 0.1432 in2 0.18773 in2
*
untumbled
Penetrator
:’r‘:j““" 0.2601 in? 0.59830 in2 0.700214 in2 1.0 in2
tumbled
Bullet
projected .2 2 2 2
area, stern- 0.0314 in 0.1121 in 0.0855 in 0.12566 in
first
Cp of bullet,
normal 0.10 0.0 0.05 0.10
attitude
Cp of buliet,
tumbled 0.60 0.30 0.30 0.30
attitude
Cp of penetrator,
normal 0.10 0.0 0.05 0.10
attitude
Cp cf penetrator,
tumbled 0.60 0.30 0.30 0.30
attitude
Cp of jacket,
tumbled 1.0 1.0 1.0 1.0
attitude
Cp of bullet,
stern-(irst 0.82 0.82 0.82 0.82
wdttitide
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Appendix E

; TUMBLING BEHAVIOR OF 12,7 AND 14.5 MM API
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